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BAROMETERS 
Mercurial 


CONTROLLERS 


Flow 
Humidity 

pH 

Liquid Level 
Pressure 
Temperature 
Vacuum 


FLOW INSTRUMENTS 


Controllers 
Indicators 
Integrators 
Meters 
Recorders 


GAGES,. RECORDING 


Pressure 
Temperature 
Vacuum 


HYDROMETERS 


HYGROMETERS 


Wet & Dry Bulb 
Thermometers 


TAG Instruments are guarding a 
LIQUID LEVEL thousand production fronts . . . in synthetic rubber, 


Controllers i 
Indicators chemicals, explosives, catalytic cracking, aeroplane test- 


se —_ ing, ordnance and food fields. And additional thousands 
ie iti of TAG Instruments are entrusted with special duties 
across the Seven Seas. Check the list at the left for the 


Mercurial Vacuum 
MOISTURE METERS TAG Instrument to help you score your production Vic- 
Grains, Tobacco, tory in 1944, 
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Material 
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Time-Operation 
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CONTINUING LEADERSHIP 
... through the war and beyond! 


The start of the new year finds instrument head- 
quarters still busy at it in the final drive for 
victory. Dependable WESTON instruments, in all 
familiar types, continue flowing in unprece- 
dented quantities to every battle front. In new 
types, too; for all during this period of stress 
WESTON development laboratories also have 
led the way .. . continually meeting the new 


measurement problems of this mechanized war) 
Thus when instrument priorities are relaxed, 
WESTONS will continue as industry’s standards 
for all measurement needs. For, new measure- 
ment tools as well as old will be available in their 
most trustworthy form... here at instrument 
headquarters. Weston Electrical Instrument 
Corp., 591,Frelinghuysen Ave., Newark 5, N. J. 


re at OVER 55 YEARS LEADERS IN ELECTRICAL MEASURING INSTRUMENTS 
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MOELLER 


PRECISION 
GRADE 
INSTRUMENTS 


Ww 


MOELLER MERCURY THERMOMETERS 


Made with “Moeller Glass Red Reading 
Column," making them easy to read 
under varying light conditions, at a con- 
siderable distance and over a wide range. 





MOELLER DIAL THERMOM- 
ETERS. Made in various 
scale ranges up to 1000°F. 
or equivalent. Metal and 
Phenolite cases. 





MOELLER 
RECORDING 
THERMOMETERS 


Furnished in vari- 
ous ranges up to 
1000°F. or equiv- 
alent. Round or 
square cases. 











Also HYGROMETERS 
RECORDING PSYCHROMETERS 
BAROMETERS HYDROMETERS 
MARINE INSTRUMENTS, ETC. 


Write for catalog. 


MOELLER 
INSTRUMENT COMPANY 


{32nd STREET and 89th AVENUE 
RICHMOND HILL NEW YORK 


Sales Representatives in Principal Cities 
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An Inspiring Analysis of Educational Problems 
Pertaining to Instruments 


USTRALIA’S population is about 
Aico million; that of the State 
of Victoria less than two million; yet 
it is in Melbourne that some of the 
world’s most progressive Instrumenti- 
cians are to be found. We have already 
taken pleasure in reporting their for- 
mation of an Australian Society of In- 
strument Technology; now we have just 
received a letter and an enclosure, 
both of which we print in full as an 
“editorial” on instrument education 
problems which is largely applicable to 
conditions in the United States. Indeed, 
take away the England-to-Australia dis- 
tance factor and you have a good analy- 
sis of American conditions. —MFB 


To the Editor of Instruments: 


The Director of Industrial Training 
of the State of Victoria is investigat- 
ing the probable post-war changes in 
technical education that will be needed 
to meet the great technological changes 
and developments brought about by the 
tremendous expansion in industry due 
to the war. This is in accordance with 
a resolution of the Australian Council 
Conference, May 1948. 

A Committee has been appointed to 
investigate the probable changes in the 
field of the optical and scientific instru- 
ment manufacturing industry. This 
Committee submitted its Syllabus to 
me for an expression of opinion. As 
part of my reply I prepared a memo- 
random, a copy of which is enclosed. 

This memorandum may be of some 
interest to you and you are at liberty 
to make any use of it that you may 
desire. P. A. CRIVELLI. 
Melbourne, C.1, Australia 
9th December, 1943. 


[Enclosure] 


MEMORANDUM ON TECHNICAL 
TRAINING FOR THE INSTRUMENT 
INDUSTRY 


(1) When some branch of human en- 
deavor has developed gradually through 
the ages it carries with it traditions 
and customs that die only very reluc- 
tantly, and long after they have lost 
all meaning and purpose. New indus- 
tries and services build up an entirely 
new structure to serve themselves, and 
the funetion and purpose of their tools, 
or the words they use, are strange and 
incomprehensible to the man in the 


Street 


-) In the early days of philosophi- 


cal experiment instrument making was 
a trade restricted to the equipment of 
research. The only market for the in- 
strument maker’s services was obvious- 
ly the Academies and Universities. 


(3) Today the name “Instrument 
Making” is given to a host of entirely 
different occupations, just as different 
as those covered by the word “Engi- 
neering.” There is no practical connec- 
tion between a man making fused quartz 
laboratory ware, or glass thermometers, 
and the man making an electron micro- 
scope, or a recording potentiometer. 
There we strike right at the root of 
the matter, a recording potentiometer 
is not made by a man at all, it is made 
by a factory, with an organization. In 
that factory are electricians, mechanics, 
fitters, draughtsmen, managers, typists, 
calibrators, cost clerks, turners, drill- 
ers, and so on. If the Company de- 
scribes itself as “Instrument Makers” 
what are the employes? Are they In- 
strument Makers too? 


(4) In other words, the trade of In- 


Instrumentation to Be 


ERE is a quotation from the re- 

cently - printed pamphlet sum- 
marizing President Karl T. Compton’s 
Annual Report on the Massachusetts 
Institute of Technology: 


“Added Emphasis on Specific Fields. 
As a result of visiting committee and 
faculty studies in recent years 
desirability of increased emphasis on 
certain aspects of our curriculum . 


“Instrumentation. The ingenious de- 
sign of special instruments along 
sound engineering lines is partly de- 
pendent upon native ingenuity and 
partly upon sound scientific and engi- 
neering training. Because we are the 
type of institution which we are, and 
because we have been unusually for- 
tunate in having on our staff individ- 
uals who combine native ingenuity and 
sound training in a remarkable degree, 
the invention and development of in- 
struments has been one of our lines 
of notable achievement. In fact, we 
have been given both moral and prac- 
tical encouragement from a very im- 
portant governmental user of highly 
technical instruments, in order that we 
may serve as a still more effective 
center for developing instruments and 
for training instrument designers. As 


strument Making is still the same old 
trade of instrument making, but the 
name is also used in a weak attempt 
to cover something that will not be 
covered. Except by a comparatively few 
individuals it is not yet realized that 
an entirely new branch of technology 
has arisen within the last few years. 
Nevertheless it has arisen, there is no 
doubt about that, and it is developing 
at about the same rate as the aviation 
and radio industries, Its geographical 
position on the map of science and in- 
dustry is just mid-way between physics 
and engineering. In America it is called 
Instrumentation; in Australia, if it 
yet has a name, that name is Instru- 
ment Technology. 

(5) The history of this new technol- 
ogy will bring to light some points that 
will be useful when we come to the 
matter of training and education, so it 
is worth consideration. 

When it became apparent that re- 
search is essential to the well-being of 
industry it became necessary, at the 
same time, to give industry the tools 
to carry out the specifications written 
by research. For instance, the manu- 
facturer of aircraft wants duralumin 

(Concluded on page 116) 


Emphasized at M.LT. 


a step to promote further progress in 
this field the Executive Committee has 
recently set aside the sum of $25,000, 
again to permit prompt action on new 
opportunities in this direction. Fur- 
thermore, we plan, in the near future, 
to assign an interdepartmental group 
the responsibility for the further de- 
velopment of our educational program 
in this highly important field, which 
is on the one hand specialized but on 
the other hand very wide in the scope 
of its applications.” 


Although I am not an M.I.T. man I 
salute this great institution and its 
far-seeing president for thus proclaim- 
ing to the educational world—and to 
industry—not only recognition of In- 
strumentation but increased emphasis 
on Instrumentation in the curriculum. 
Truly, there has been a change, not 
only at M.I.T. but throughout the 
engineering world, since the nineteen- 
twenties when every engineering edu- 
cator, engineering society official, science 
publisher, etc., to whom I tried to 
“preach the gospel of Instrumentation” 
denied that there existed such a branch 
of engineering. The predictions which 
drew ridicule on my head are al] com- 
ing true. —MFB 
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IR SERVICE COMMAND, the 
Army Air Forces’ maintenance 


and supply component, announc- 
es that quantity production has been 
started on its Semi-Trailer designed to 
provide complete facilities for test, cali- 
bration and minor repair of all aircraft 
instruments and air-driven gyropilots. 
This new time-saver (hence a saver of 
American lives) was completely out- 
fitted and arranged by personnel of 
the Maintenance Division, ASC, AAF. 
While primarily intended to accomplish 
First, Second, and Third Echelon main- 
tenance, it provides sufficient equipment 
to accomplish Fourth Echelon (“heavi- 
est’) work if required. Wherever re- 
quirements exist for instrument shops 
capable of handling a relatively limited 
quantity of work, these trailers serve 
to good advantage. Such requirements 
exist primarily overseas in Air Service 
Command units. 

One peculiarity of aircraft instru- 
ment test and calibration requirements 
is the close relationship of various items 
of equipment, many of which have to 
be inter-connected. This condition does 
not exist in Engineering Shop trailers 
where a lathe or milling machine is 
used as an isolated unit. In instrument 
test and calibration it is necessary, for 
example, that a source of vacuum 
or compressed air be connected into 
vacuum chambers, manometers, gyro 
test fixtures and other openings by a 
system of gas-tight piping and sensi- 
tive needle control valves which form 
an inter-connected assembly. This sys- 
tem is absolutely necessary for satis- 
factory test and calibration of air-speed 
indicators, rate-of-climb indicators, al- 
timeters, manifold pressure indicators, 
vacuum gages, gyro instruments and 
automatic pilots. The same situation 
exists in regard to electrical instru- 
ments, particularly position indicators 
such as the Autosyn: mechanical de- 
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Up to now, all that was known to the public 
(and only along certain railroads) was the 
external appearance of the trailers: prepared 
and sealed in the contractor’s shop for deck 
loading on ships. 


COVER PHOTO shows detailed inside view 


ASC’s Ingenious 
Semi-Trailer 
Brings Instru- 
ment Shop 
Facilities 
Overseas 


A “secret weapon” of our Army Air 
Forces—the marvelously quick repair 
of instruments—is the combination of 
two secrets: special training and spe- 
cial mobile shops. We have printed 
articles by AAF instructors partly dis- 
closing the first secret; here is the first 
official disclosure of the second secret 
—prepared exclusively for Instruments. 


vices of various kinds are required to 
actuate the transmitter units while 
electrical tests are being made. Supplies 
of direct and alternating current, of 
various voltages and frequencies, must 
be available at convenient locations. 
For these reasons, among others, it 
is highly desirable that all equipment 
in the Instrument Trailer be assembled 
and fitted up according to the best pos- 
sible practice. Fragile or delicate items 
are shock-mounted and connected per- 
manently. It is obvious that this can- 
not be accomplished under field condi- 
tions. All of the necessary work is be- 
ing accomplished in the contractor’s 
plant by assembly-line methods under 
close inspection of AAF Inspectors. 
Each trailer unit is thoroughly pre- 
pared internally against salt-water cor- 
rosion for overseas shipment. Loose 
items are packed and secured to the 












floor. Internal bracing is provided to pre- 
vent damage due to vibration or move- 
ment on shipboard. All trailer openings 
are sealed with specification sealing 
material and coated with a specification 
corrosion-resisting agent. The Instruv- 
ment Shop is ready for immediate use 
after the removal of internal bracing 
and protective coatings. 

Adequate heating and air-condition- 
ing facilities, built into the unit, assure 
the comfort of personnel as well as 
proper temperature, low humidity and 
clean air for satisfactory instrument 
servicing and repair. On the world 
fronts, these advantages are marked. 

Ample storage space is available for 
spare parts as well as repairable in- 
struments. Space is provided also to 
accommodate additional items of equip- 
ment for test and calibration of certain 
types of position indicators and fuel- 
level indicators, when such equipment 
is available. However, the volume of 
this work is necessarily less because of 
dimensional restrictions. 

Hand tools are not included, inas 
much as they are a part of the ASC 
Instrument Mechanic’s Kit. 

The size and weight of the trailer 
are a partial disadvantage in water 
transportation. Also some difficulty is 
encountered when maneuvering in deep 
sand. (One of these shops was taken 
across 2000 miles of semi-jungle cout 
try, over roads cut through the bush.) 
But it is believed that the completeness 
of the Instrument Semi-Trailer will fat 
outweigh the disadvantages encoul- 
tered in transportation, especially # 
airfields where fighting craft are based 
or where it is not practical to construct 
shelters by reason of tactical move 
ments. 

The unit is an indication of Air Ser 
ice Command’s determination to lick its 
world job of maintenance and supply 
by streamlined methods. 
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Upper left. Close-up of shock-mount- 
ed manometers for testing air-oper- 
ated instruments. Upper right, Gen- 
eral view looking forward into engine 
compartment. Left, Extreme rear: 
thermometer and pressure gage test- 
ers, and work-bench. Right. Close-up 
of electrical test panel. Lower right, 
View of engine compartment; air 
compressor and main 6.3-kw. gaso- 
line-driven generator. Lower Jeft, 
Vacuum pump and air compressor. 
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Fig. 1. Scale drawing board with instrument dial in position. 








Fig. 2. Bakelite ruler (2) with index pin (4). 
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Fig. 3. Index plate (5), approximately full-size. 


Easily-built Machine for Hand-marking Scales 


By FRED J. LINGEL, Engineering Dep’t, The Triplett Electrical Instrument Co., Bluffton, Ohio 


N order to facilitate the drawing of hand-stepped instru- 

ment scales such as those necessary for accuracies of 

1% and higher, a simplified drawing machine was con- 
structed as described below. This device will be found ex- 
tremely useful in instrument service stations and engineer- 
ing laboratories where it becomes necessary to restep 
precision instruments. It consists essentially of a flat board 
on which the dial is securely mounted with a suitable 
pivoted ruler for drawing the lines. A pin adjusted to slide 
on the ruler is located near its upper edge in such a way 
as to index into grooves cut in a brass plate snapped over 
the upper edge of the board. The first groove on this brass 
plate is located directly on a radius. The remaining ten 
grooves corresponding to a total of ten lines on the dial are 
cut approximately equal distances apart and parallel to this 
first groove. 

In dividing off the main divisions on the dial: 

The ruler is lined up with the first division at the left end of 
the scale. 

The brass index plate is moved along the upper radius of the 
board until the index on the ruler snaps into the left groove of 
the index plate. 

The ruler is next moved to the second point on the dial and the 
index pin on the ruler adjusted to fall into the last groove of the 
index plate. 

With the index on the ruler in this position, the ruler is re- 
turned to the first point on the dial and the line drawn with a 
ruling pen against the surface of the ruler. 

The ruler is then moved to the next index point and the opera- 
tion repeated until all ten lines are drawn, 

The general layout of this piece of equipment is shown 
in Fig. 1. The following paragraphs are numbered to cor- 
respond with the part numbers in this general view: 

1. The board itself consists of a 1%” thick piece of Bake- 
lite or hard plywood 10” X 15”. The upper 15” surface is 
cut on an 8” radius to provide a surface on which the brass 
index plate (5) is fastened by means of spring clamps on 
the under side. Four small rubber feet are provided on the 
under surface to prevent slipping and to provide space 
along the upper edge under the board for the clamps of 
the index plate (5). 

2. A Bakelite ruler with a transparent celluloid edge is 
pivoted in the center of the board concentric with the 8” 
radius described above. It is made to fit over a pin at its 
pivot point in such a way that it can be easily removed in 
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order to mount the scale to be drawn. Two 1/16” spacers 
are provided at each end of the ruler to keep the surfac 
used for drawing off the dial and the index plate. 

3. Two pins are provided for holding the dial firmly in 
position on the board. These are arranged at approximately 
0.005” greater distance between centers than the corre- 
sponding holes on the dial. Two screws are then threaded 
through the Bakelite with tips slightly off-center in such a 
way that when the dial is placed over the pins and they are 
turned, the dial will be securely fastened to the board by 
the outward thrust of the eccentric on the screws. This 
method of clamping can, of course, be modified to suit indi- 
vidual requirements, although it is important that what- 
ever method is used, the holes in the dial are used to guide 
it in position. If the edge of the dial is used to locate it 
on the board, some difficulty may be encountered with the 
small misalignments that can occur in punching the mount- 
ing holes on the dial and locating the corresponding sup- 
ports on the instrument mechanism. 

4. The index pin which locates in the grooves of the 
index plate (5) is fastened to the ruler by means of an 
adjustable phosphor-bronze strip. This strip is arranged in 
the form of a letter “J” with the hooked portion of the “J” 
over the right edge of the ruler and the long section pro 
vided with a hard steel needle which indexes into the 
grooves of the brass plate (5). It is %” wide by 0.015 
thick and adjusted to give a spring. action against the 
grooves when the operator holds the ruler against the dial 
to draw the line. A small screw is soldered to an uppe! 
surface as a knob to facilitate sliding along the ruler. 

5. A 8” square brass index plate approximately 0.020 
thick is held fast by two %” wide phosphor-bronze clamps 
which project over the upper edge and hold the plate 
the board (1). These two clamps are arranged to give 4 
good fit and still allow for sliding the brass plate along the 
upper radius of the board. A 1” X %” X 1/16” thick piece 
of brass is soldered to the upper edge of the plate as 4 
handle to facilitate moving the plate across the radius of 
the board. Eleven grooves are cut in the brass pla‘ by 
means of a small scriber tool. The first, or left-hand, groové 
is cut on the diameter and is parallel to the surface of the 
(Concluded on Page 93) 
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Two widely different production-line instruments—an X-ray orientation unit for cutting radio quartz crystals; and 
an automatic roll welding controller for aircraft aluminum work—both utilizing constant-voltage transformers. 


Constant-voltage Control—The New Design Essential 


By C. H. HUMES, Sola Electric Company, Chicago, Illinois. 


tory performance in modern electrically-operated pre- 
cision equipment or electronic devices is an operating 
voltage stable to within narrow limits. 

During the years that have followed the introduction of 
radio and eiectronics, electrical engineering design has be- 
come increasingly complex. Consequently, devices in use 
today often have a sensitivity and delicacy which make them 
unable to tolerate the voltage variations that occur on 
commercial power lines. 

For instance, unless protected by some adequate means 
of assuring constant current, an electrical machine which 
sorts foodstuffs—or one that tests colors by the use of light 
—or a burglar alarm using the principle of the ‘electric 
eye—could produce defective or erroneous results because 
of a drop or a surge in power. If such an extraneous cir- 
cumstance could influence results, the work of the equipment 
might be completely—and rightly—discredited. 

Should this occur, and the usefulness of a product of 
their firm be discredited, the management and the sales 
force would also become conscious of the importance of 
voltage control. It is one thing to produce and distribute a 
splendidly-made automatic instrument or machine, but quite 
another thing to have to explain why it does not function 
as promised. For management and for the sales force, the 
all-important detail about any device is its actual perform- 
ance under conditions of actual use. And they are right! 

Manufacturers of such devices know, from laboratory 
experiments, what is the ideal, the necessary, voltage for 
operating their products. Unfortunately, they often leave 
the matter there! From that point on it devolves upon the 
user of the product to protect his property and to utilize 
it at maximum efficiency. 

Just how is the user to do this? Where is he to find a 
dependable source of voltage, stable to the degree essential 
in producing the results he wants and has been promised? 
This is where the manufacturers of precision and electronic 
apparatus are up against what might be termed a public 
relations problem. Their products are vulnerable to bad 
treatment, and the worst part of it is that this bad treat- 
nent will be entirely unintentional, involuntary and natural 
n the part of the users. 

’ realize the extent of the handicap under which a de- 

may be called upon to operate, manufacturers might 
t-interesting to test their products, not under the con- 


() tx of the most important prerequisites for satisfac- 


{ 


trolled conditions of their production laboratories, but under 
the workaday circumstances where nine out of ten of the 
machines will actually be used. In other words, try out 
voltage variations on their products and study the results. 

Only recently has it become generally appreciated by de- 
sign engineers that voltage fluctuations on commercial and 
industrial power lines are, universally, far too great to be 
tolerated without unfavorable reaction by modern electrical 
equipment. It is not astonishing that this fact has only 
recently been recognized, because the older types of elec- 
trically-operated devices did not require close voltage con- 
trol. This is not true in the case of many electrical products 
today. That is why many design engineers have found it 
advisable to treat the source of operating power as one of 
the essential problems in basic design. The truth of the 
matter is that they have learned much of value about volt- 
age from actual experience, and from the old trial-and- 
error method. 

In some cases, the need for voltage control has become 
evident only after a product has been marketed without 
inherent protection against fluctuations. Fortunately, it is 
now becoming general knowledge among engineers and man- 
ufacturers that the lack of power control is the source of 
many operating troubles in cases of unsatisfactory per- 
formance and expensive replacements, and adequate pre- 
vention is being provided by the use of constant-voltage 
transformers as a built-in part of newer machines. 

The presence of voltage variations is not something to be 
charged up against the commercial power plants. They are 
in business to deliver to their customers what is really a 
“raw material” or a “bulk product.” It would be impossible 
for them to control its quality at the source, for many 
self-apparent reasdhs, including the fact that the require- 
ments of the users are necessarily varied. The proper point 
of control is at or in the equipment using the power. At 
this point it is possible to determine to a nicety, and to 
provide, the exact voltage required for efficient operation. In 
fact, with a constant-voltage transformer, voltage can be 
regulated within +1%. This means freedom from operating 
troubles caused by voltage jolts, sags and surges. 

Exhaustive tests of voltage stability could be conducted 
throughout the country. The size of the investigation be- 
wilders the imagination: all localities; all times of day and 
night; all surrounding conditions of industrial and other 
power uses; all combinations and cross-combinations of 
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these and other factors. A test made now would vary later 
today, however, or tomorrow or next week, and always there 
would be the possibility that a newly-introduced factor in 
any locality would radically change the results obtained. 

With such an exhaustive survey it is doubtful if one would 
even discover a dependable pattern of irregularity! What 
could be proved would be that there is no voltage stability 
within narrow limits—-and certainly not within +1%— 
evidenced in any of the localities surveyed. 

As a statistical procedure, such an enormous survey 
would be cumbersome and unnecessary. An unweighted sam- 
pling consisting of several dozen tests taken at unprejudiced 
random across the country would give commercially conclu- 
sive evidence of the matter. 

This is exactly what was done recently by engineers of 
the Sola Electric Company in conjunction with the Army 
Air Force. They made a survey of line voltage variations 
existing at various points to determine the advisability of 
installing automatic voltage-control transformers in elec- 
trically-operated equipment being used by the Army Air 
Force. The places of the tests were dictated by the loca- 
tion of the government’s operations, whether urban or 
rural, industrial or agricultural. 

For the tests in question, safe operative voltage limits 
were established at 110 to 120 volts by the manufacturer 
of the equipment involved in the experiment, The minimum 
value for true precision performance was 110 volts, the 
maximum for safety for the equipment was 120 volts. Tests 
were conducted at a representative proportion of the gov- 
ernment’s 150 important installations in a certain widely 
inclusive territory. At each location an Esterline-Angus re- 
cording voltmeter, calibrated at each test against a labora- 
tory standard, was installed at the site of the equipment 
without disturbing or altering normal operations, and al- 
lowed to record the line voltage for a period of several hours. 

In more than 90% of the tests, line voltage extended 
beyond one or both limits over appreciable periods of time. 
In some the line voltage remained fairly stable during the 
test period, but was above or below the specification limits. 
In other cases, the voltage varied either beyond one, or 
beyond both limits. In no case were wiring systems obso- 
lete or poorly designed. 

Illustrative of conditions found during the survey is 
Fig. 1. These conditions proved to be the best encountered 
during the survey, yet the voltage here varied six volts 
during the test period, despite the fact that the equipment 
under test drew its power from a special line and distribu- 
tion transformer carrying only this one load. 

Average conditions found throughout the survey were 
much like those recorded in Figs. 2, 3, 4 and 5 which are 
cited as representative examples. 

Figs. 6 and 7 chart extreme variations which, while not 
general, still are not too unusual. This is the type of situ- 
ation which produces trouble for electronic devices. 

Fig. 8 illustrates the fallacy of depending upon short-time 
or periodic voltage readings, Here the voltage remained 
relatively stable for extended periods, then broke into fluc- 
tuations which were violent and rapid. The result upon 
equipment under observation was pronounced. 

Results proved conclusively that voltage control was 
necessary if faulty operation and possible damage were to 
be eliminated. In the case of these particular tests, the 
Army Air Force was after better operating results. The 
value of precision performance by their devices and instru- 
ments was counted above the protection of this apparatus 
or its component parts, except as the safety contributed to 
effective operation. Because the instruments and devices are 
used not only in this country but in other parts of the 
globe, a constant-voltage transformer was specified that 
could be connected for operation on either 50- or 60-cycle 
supply and on lines rated at 115, 208, 230 or 250 volts. 

In passing, it might be noted that manufacturers or users 
of apparatus designed to operate at stated voltages would 
have been interested in what was revealed in these tests 
concerning protection of precision or electronic equipment 
from damage, replacements and expense. The possibility of 





materially prolonging the life of tubes is in itself of suffi- 
cient interest to justify careful inquiry into the causes of 
tube casualties. Primarily, however, manufacturers and 
users, as well as the government, are interested in perform- 
ance. If a device is designed to function in a stated man- 
ner, it is important that it do so. 

The government’s anticipation of varying conditions on 
power lines in foreign countries gives a valuable hint to 
manufacturers who are designing precision electrical and 
electronic products for post-war export. Many of these de- 
vices will undoubtedly go into countries where conditions 
on the power lines vary as much from ours as do the cli- 
mates and the populations. Without built-in voltage con- 
trol they will have less chance of success; with built-in 
automatic voltage control, they will deliver the same per- 
formance abroad as at home. 

Built-in constant-voltage contro] has proved of immeas- 
urable advantage wherever used. Innumerable instances 
could be given, but a few definite examples will suffice. 

The Photelometer is a portable photoelectric instrument 
which determines the concentration of substances in solution 
by the proportional transmission of incident light. Because 
this light must be of unvarying intensity, a small constant- 
voltage transformer is built into the unit. The accuracy of 
the results obtained with this device and the quickness and 
ease with which it can be operated have made it outstand- 
ingly popular. It is widely employed in biochemical, indus- 
trial and hospital laboratories. Its findings are used as a 
basis for diagnoses and in routine commercial tests. It re- 
quires a voltage that does not vary more than +1%. 

Several of the leading X-ray apparatus manufacturers 
are now incorporating constant-voltage transformers in the 
control units of their X-ray machines. They have found that 
an unvarying flow of power helps to eliminate distortion 
and fogginess in X-ray films; that it eliminated bothersome 
details in the operation and control of the machine by the 
technician; that it gives protection to technician and pa- 
tient from X-ray burns caused by unexpected ray intensity; 
that it protects the equipment itself from damage or de- 
struction caused by unguarded surges of voltages. The ex- 
actness made possible in X-ray work by the control of the 
supply voltage, and hence of the ray intensity, has opened 
up new fields for its use. For example, X-rays are now 
used in making quartz crystals for radio use. In this work 
the exact synchronization of the working parts is guaran- 
teed by the even flow of power. 

At the great military and civilian airports of the country 
the instrument landing systems are under the automatic 
protection of constant-voltage transformers. No matter how 
irregular the power flow from commercial lines may be- 
come, the signals remain unaffected. As a matter of fact, 
aeronautic engineers were among the first to recognize the 
advantage of automatic voltage control. 

In burglar alarm systems, using the electric-eye principle 
of interrupted light, a false signal could be caused by a 
voltage sag. The light source which conveys the ray to the 
electric eye must, therefore, receive controlled voltage. The 
largest manufacturer of this type of burglar and sabotage 
protection has solved the problem by making a constant- 
voltage transformer a part of each contro] eenter. 

The plywood industry is another field where constant 
voltage makes processes practical. The glue lines, supplying 
the presses in which lamination of boards in plywood is 
effected, are operated by high-frequency heating kept at 
exact temperatures by the use of controlled electric power. 

Constant-voltage transformers are also part of magnetic 
analysis equipment with which it is possible to determine 
internal mechanical defects and internal flaws, as well as 
structural qualities, in steel. Aluminum alloy spot welding, 
particularly in the aircraft industry, has attained high war- 
time efficiency because of built-in voltage control. 

Were there still any question in the minds of electrical 
engineers as to the advisability and wisdom of forestalling 
trouble by guarding the source of power, a study of the 
satisfactory results reported by the manufacturers already 
using built-in voltage control would remove them. 
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ECOND of a series of A.S.M.E. papers on the charac- 

teristics of fluid flow through two orifices in series. The 
first (1936) presented a theoretical analysis of the flow of 
water and steam through two orifices in series over a wide 
range of pressures and temperatures. This paper presents 
the results of experimental investigations on this subject 
using water at an initial pressure of 100 lbs./in.* abs. over 
a range of temperatures from room to saturation temper- 
ature. The principal data sought were the pressures estab- 
lished in the. intermediate chamber between the two orifices, 
and especially the variations of this intermediate pressure 
with reference to the temperature of water supplied and 
the type of orifice. One of the most significant facts re- 
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Fig. 10. Pressure Diagram for Flow of Hot Water Through 
Rounded-entrance Orifices in Series. 


vealed by these researches is that under certain conditions 
of flow the fluid assumes a metastable state which greatly 
influences the characteristics of the process. “Stable” refers 
to the condition in which the pressure of the liquid, or of 
the mixture of liquid and vapor, is not less than the satu- 
ration pressure corresponding to the existing temperature, 
or, conversely, that the temperature of the liquid or the 
mixture is never higher than the saturation temperature 
corresponding to the existing pressure. If a condition exists 
where the pressure of a liquid, or of a liquid-and-vapor 
mixture, is less than the saturation pressure corresponding 
to the existing temperature, the condition is said to be 
“metastable.” The existence of the metastable state was 
demonstrated by study of a jet flow at different temper- 
atures. The effect of the sharp-and rounded-edged orifices 
and the results obtained are given in Figs. 10 and 11. 
These results suggest a design of an automatic control 





EXTENDED ABSTRACT of paper presented at Annual Meeting 
of A.S.M.E., New York, Ndv. 28-Dec. 3, 1948, under auspices of 
Power Division. 
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Fluid Flow Through Two Orifices in Series 


By MILTON C. STUART, Prof. Mech. Eng., Lehigh Univ., Bethlehem, Pa. 
and D. ROBERT YARNALL, Yarnall-Waring Co., Philadelphia, Pa. 
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element for condensate drainage shown in Fig. 12. Sug pips: 

an element would consist of an arrangement of two orifices mem 
in series, in which the state of the fluid supplied causes (mY 

erme 


variations in pressure between the two orifices, these pres. 
sures being in turn communicated to a pressure-sensitiye | 
member. The piston valve, which constitutes the only moy. ? 
ing part, fulfills the combined requirements of the series. 
control orifices, pressure-sensitive element and drainage 
valve. The annular clearance between the disk on the piston 
valve and the wall of the cylinder forms the first orifice, ) 
the space in the cylinder above the disk constitutes the 
intermediate chamber, and a small rounded-entrance orifice 

at the top of the piston valve communicating with the dis. 
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rge through the center of the valve constitutes the 
nnd orifice. In order to obtain the required area relation- 
» between the two orifices, the cylinder wall is tapered 
s the cylinder is made vertically- adjustable to permit 
jation of the clearance between disk and cylinder wall. 
proper adjustment, the relatively high intermediate 
ssure acting on the upper surface of the piston for 
»m and very hot condensate flow is sufficient to close the 
e, With cooler condensate the correspondingly lower 
ermediate pressure permits the valve to lift and dis- 





charge the condensate. The device is operative in like man- 
ner over a wide range of initial pressures without further 
adjustment. 

Desired characteristics for the variation of the inter- 
mediate pressure with initial temperature may be obtained 
by suitable choice of types of orifices and by relative sizes 
of the orifices. Further, the existence of the metastable 
state makes it possible to obtain a far wider range of con- 
trol conditions than would be possible if the fluid remained 
in the stable state throughout the process. 


easurement of Damping of Engineering Materials 
ring Flexural Vibrations at Elevated Temperatures 


By CARL SCHABTACH and R. O. FEHR, General Electric Co., Schenectady, N. Y. 
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EW method and new equipment developed and used by 
the authors for measuring the damping of materials 
x described. A tuning-fork specimen is set into vibration 
5 jerking a spreader from the gap between the ends of 
D tines. The damping is expressed in terms of the log- 
os thmic decrement of the decaying vibration, which is 
asured and recorded by means of a magnetic oscillo- 
) ph, amplifiers, and a resistance-type electric strain gage 
ented to the specimen. Fig. 1 shows the specimen with 
strain gage and the electrical circuit is shown in Fig. 2. 
e solid portion of the fork is screwed to the lower end 
a %%” diam. stainless-steel rod, whose upper end is 
pped in a collet fastened to a rigid framework. The 
eader is screwed to the upper end of a trip rod which 
7" positioned by guide bushings in two horizontal plates of 
io framework so that its axis coincides with the axis of 
® rod supporting the fork. The trip rod passes through 
hole in the center of a 5-lb. weight guided parallel with 
trip rod. By striking a shoulder on the bottom of the 
at pester 4" >| / THERMOCOUPLE 
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Fig. 1. Tuning-fork Specimen with Strain Gage. 
fen bey ) rod, the weight jerks the spreader from between the 
Condensate 
















k tines, and the specimen vibrates with an amplitude 
rox. equal to the deflection caused by the spreader. 

he fork and its supporting rod are enclosed by a furnace 
diam. by 16” long ingide, with a removable cover at the 
om. The spreader and trip rod are inserted through a 
all hole in the cover. During test, the bottom of the fork 
bpposite a sight hole in the side of the furnace, so that 
ertion of the spreader between the tines of the specimen, 
ploying an offset spreading tool, can be viewed. 

he furnace is heated electrically with a.c. through a 


hrome winding around the quartz tube forming the inner 


l. The temperature variation in the section occupied 
the test specimen does not exceed 2% of the test tem- 
ature, in °F., and most of this occurs in the section 
r the free ends of the tines which contributes little to 
damping. 

he temperature is measured with a chromel-alumel ther- 
‘TENDED ABSTRACT of paper presented &t Annual Meet- 


New York, Nov. 28-Dec. 3, 1943, of A.S.M.E., under auspices 
pplied Mechanics Division. 





mocouple inserted in a 1/16” hole in the specimen, Fig. 1. 
Leads are brought out through the top of the furnace. 

Since the furnace winding is inductive, and the damping 
capacity of magnetic materials is influenced by magnetic 
fields, the current must be shut off and the specimen de- 
magnetized before taking the vibration decrement. This is 
accomplished by slowly reducing to zero the current through 
the furnace winding, using a potentiometer arrangement of 
resistance boxes. 

Lead wires to the strain gage are connected to the 0.010” 
nickel leads on the fork at a terminal block clamped to the 
support rod just above the fork. Simple pressure-contact 
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Fig. 2. Connection Diagram for Strain Gage, Potentiometer, Am- 
plifiers and Oscillograph; with Details of Potentiometer Circuit. 


connections are satisfactory, but the screw threads must be 
lubricated with a high-temperature bolting compound. One 
of the terminals is grounded, the other is carried by an 
asbestos insulating strip. 

The gap between the little feet on the free ends of the 
tines of the tuning-fork specimen, Fig. 1, is made only large 
enough so that it will not close when the fork is vibrating. 
This is important for, with a large gap, slight misalign- 
ment of the spreader as it is jerked out will cause it to 
break contact with one tine before the other, with the re- 
sult that some of the energy stored in the fork is imparted 
to the spreader and trip rod, and the two tines tend to be- 
gin vibrating with unequal amplitudes. 

No extraordinary precautions need be taken to make the 
frequencies of the two tines the same. 

The resistance-type electric strain gage operates on the 
change in resistance of a wire with strain. The authors 
have developed a technique of using such gages suitable for 
measuring dynamic strains at high temperatures. They con- 
sist of 0.0015” nichrome gage wire cemented to the specimen 
with Sauereisen no. 31 cement: 

The fluctuating resistance of the gage wire, accompany- 
ing vibration of the specimen, is converted to an alternating 
voltage at the output of the potentiometer circuit, the essen- 
tial elements of which are shown in full lines in Fig. 2. 
The dashed lines define an auxiliary circuit used for adjust- 
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ing the resistance FR to equal the gage resistance and check- 
ing the battery voltage. 

The output of the potentiometer circuit is supplied 
through two amplifiers (standard equipment) to the oscil- 
lograph. Records are made on Kodak No. 120 Verichrome 
film, using a standard continuous-drive film holder. 

Gages constructed and located as described have about 50 
ohms resistance and a nominal sensitivity factor of about 
0.6, that is, the fractional change in resistance is about 0.6 
of the strain which would be produced by a uniform stress 
equal to the nominal maximum bending stress. Hence, a 
nominal maximum bending stress of 30,000 Ibs./in.?, in a 
specimen of material having a 30,000,000-lb. modulus of 
elasticity, produces a change in resistance of 0.6 X 0.0001 
X 50 or 0.003 ohm in the gage wire. 

At 1000 cps. frequency, the corresponding alternating 
voltage across the output resistor of the potentiometer cir- 
cuit is about 2 mv. (rms). This is amplified to produce full- 
scale deflection (50 mm.) of the oscillograph galvanometer. 

The transient response of the measuring circuit to the 
impulse occurring when the vibration starts is such that 
an approx. true record is obtained after about 1/1000 sec. 
or 1 cycle, from the start of the vibration. The impulse re- 
sults from the abrupt change in the average gage resist- 
ance at the instant of release. The first % cycle recorded 
is about 25% too high, but this is not objectionable unless 
the damping is extremely high, i.e., 5% logarithmic decre- 
ment or above. 

The equipment was investigated in detail for sources of 
error in the measured values of damping. Errors may arise 
from energy losses outside the specimen, non-linearity be- 
tween the actual specimen vibration amplitude and the re- 
corded vibration amplitude, and inaccuracy in calculating 
the logarithmic decrement from the vibration record. The 
latter constitutes the only appreciable source of error, in- 
sofar as could be determined. 

It has been found that log decrements calculated from 
the same vibration record by different persons using aver- 
age care may differ by 6 or 8%; with extreme care agree- 
ment within 2 or 3% can be obtained. 





Applications of the X-ray Diffraction 
Method of Stress Measurement to 
Residual-stress Problems 


Abstract of paper presented at joint meeting of Society for Ex- 
perimental Stress Analysis and Applied Mechanics Division of the 
A.8S.MLE., New York, Nov. 28-Dec. 3, 1943. 


By J. T. NORTON and D. ROSENTHAL 
Massachusetts Institute of Technology, Cambridge, Mass. 


The non-destructive feature of the X-ray diffraction 
technique of stress measurements makes it ideally suitable 
for dealing with problems of residual stresses, especially 
when the residual stresses are produced by local plastic 
deformation. A few examples of this application are de- 
scribed, with its future possibilities. 

(1) Production of residual stress by local heating. 

A biaxial state of stress has been found on the surface 
of a flat steel bar heated locally above some 1100°F., with 
high tension in both longitudinal and transverse directions 
at the center of the heated spot. This pattern simulates to 
some degree conditions which probably prevail in actual 
weldments. But the variation of stress in the direction of 
thickness cannot be overlooked when dealing with thick 
welded plates. A method of attacking this problem by a 
joint use of the X-ray method and mechanical gages has 
been worked out at this laboratory similar to that devised 
for cold drawn tubing. Experimental verification of this 
method is under way. 

(2) Production of residual stress by local overstressing. 

Residual compression has been revealed by means of 
X-rays on the surface of specimens of mild steel loaded in 
uniform tension above the yield point. This is consistent 
with the view that surface of metals possesses higher 
strain energy than their interior. But the same effect would 


Page 90—Instruments—Vol. 17 


be produced by surface conditions such as scratch 


notches, etc. This opens a new field for the investigatigmining 







































of the notch effect, especially important in fatigue. ircraf 
(3) Production of residual stress by surface treatmenye Usin 
(machining, grinding, polishing, etc.). t the 
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Surface treatments involve generally local heating ay 
overstressing, which are in conflict insofar as the sign g 
residual stress is concerned. Although the distortion g 
grains caused by surface treatment lowered the precisig 
of the X-ray method, it was possible to make a distinctig 
between two methods of treatments, one of which producd 
beneficial residual compression and the other, detrimen 
residual tension. This offers a new means of controlling 
surface treatments of metals. 

But the converse problem of stress relieving also can 
investigated by means of X-rays. Thus, it has been foyniil 
that stress relieving by over-stressing would follow ip 
quite general way the pattern set up by the “strain ener, 
criterion. Whether the stress relieving by heat treatme 
also would follow the relaxation time—stress relatio 
found in creep is not yet certain, but the main features ¢ 
this relaxation have been observed. 





Design and Applications of a Magnetij 
Strain Gage 


Abstract of paper presented at joint meeting of Society for B 


perimental Stress Analysis and Applied Mechanics Division of 
A.S.M.E., New York, Nov. 28-Dec. 3, 1943. 


By B,. F. LANGER 
Westinghouse Research Laboratories, Easf; Pittsburgh, P 


The magnetic strain gage is a device for measuring 
small displacements. It is useful both as a research tool ani 
as a device for the measurement and control of industria 
processes. Other types of electric gages such as thos 
which operate on changes in resistance have received con 
siderable publicity lately and are particularly useful ; 
cases where considerable complication in the auxilia 
apparatus can be tolerated for the sake of obtaining ex 
treme lightness in the pick-up element. The magnetic strai 
gage is particularly useful where ruggedness, stability, ani 
large electrical energy output without the use of amplifie 
are of importance. 

This paper gives the fundamental equations of the bridg 
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circuit which is ordinarily used with the magnetic strailyestin; 
gage, and shows how these equations can be used to desigr Squa: 
the gage for maximum energy output. It also describe ith br 
various experimcntal and industrial applications, including d im) 
its use in oi] well pumping tests at 3500 feet below groungy. — 


level and its use on rolling mills to measure roll pressure. Bt or 
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Measurement of Strain in the 
Plastic Range 


Abstract of paper presented at joint meeting of Society for Er 
perimental Stress Analysis and Applied Mechanics Division of th4 
A.S.M.E., New York, Nov, 28-Dec. 3, 1943. 


By G. A. BREWER 
Ford Motor Company, Ann Arbor, Mich. 


In the past a number of investigators have used gril 
patterns inscribed on the surface of metallic specimens" 
reveal the nature and extent of the plastic deformatil 





















occurring under load. For the most part the grids us I 
have been obtained by scribing lines on the surface of i This 
metal blank or bar. The use of scribed grids is necessarigpnat ha 
limited by the labor and expense of this system which ig@pubjecte 
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creases with the accuracy of the grid. The Photo-G 
process provides a photographic grid on the surface of 4 
metal that can be duplicated rapidly and accurately on % 
number of specimens. The grids are deposited on the 
face of the metal as exact duplicates of the master neg 
and as a consequence the accuracy of the deposited grid 
direct function of the accuracy of the master negative. " 
photogrids possess sufficient abrasion resistance to withsts 
severe forming operations and have been useful in det# 
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nvesticatigmpining strains resulting from forming certain deep drawn : ; ; 
cn eat sae Application of Electric Strain Gages to 


» treatment Using fine photogrids (100 lines per inch), the elongation A ircra Desi m 
’ t the point of failure in the standard tensile coupon has ft gn P roble S 
» eating aniibeer investigated and found, in the case of 24ST Alclad, Abstract of paper presented at joint meeting of Society for Ex- 


; 6 “ : perimental Stress Analysis and Applied Mechanics Division of the 
the sign qo be vitally influenced by grain size. At the same time A.S.M.E., New York, Nov. 28-Dec. , 1943. 


istortion q@his value of local elongation or reduction in area has been By A. H. FLAX and M. C. WARDLE 
y precisiqugound to one et pine ig! wage ns i ae “a Curtiss-Wright Corp., Buffalo, N. Y. 
i distinctiggwithstand over a gage len oes not at all correla ‘ , 
ch redaal vith the material's ability to bend over a sharp radius. FO ot home pe ae in the ss eappaes Bn agpea 2 
detrimentsa Photogrids printed on aircraft stampings have revealed oumaete om . f oy nea — eel — - — eta 
controllinggtrains of several hundred per cent existing in these parts m4 won q sh nig on we of e 2 ric 8 — gages. 
ter the forming operation without failure. Tensile tests h ” nd hoe al f 4 Np Me fo tnggeree which 
also can Wet the parent material indicated a maximum strain at aan att a — tine . > hn - sated = 4, we t 
been founfifailure in a 2” gage length of only 18%. The effect of ations ft on aaa = an ; t ye “~" 5 didead ~~ nena 
follow in fgombined stress on the ultimate ductility of certain mate- rer 7 d i ah ovr rayne diet tec the nee er ae 
ain energymials is most favorable and the studies of this phenomenon = t , ans " a laaradn a t — siined a 
t treatmeyfgn metal stampings closely correlates with studies made on mg _ ps strength 0 feat ee same —— 
Ss relatiogmocks under combined normal stresses where high plastic ee — = be gg em oe - , act ears ; 
features qggeformations were obtained without fatigue. rarely results a See the wtime materia 
The photogrid may possibly be used to investigate elastic stresses. The principal stresses therefore lose most of their 
rain distribution in models made of low-modulus plastics. eee _ indices of failure. The = owe —— to 
he grid can be printed on the surface of the sheet from obtained from strain measurement is the state of direct 
fagneti thich the model is later cut. If the combination of grid and shear stress at critical points throughout the structure. 
ccuracy and high elastic strain is sufficient to permit prayer — obtained ~ vs hep a with “oy 
uantitative measurement, the stress at the same point may - ten Arsen Paes ates ” . ose > owen ee. 
ety for Ege Teadily obtained by simple multiplication. uta Pron . d oh ree d 4 here P ao a - 
vision of The photogrid may prove useful as a tool to investigate ver wrt a eas mah ti ca ite rend th 
resses in the region of notches or holes, A fine grid en siapgr oe rosette ee Soe 
test. In the elastic range test data taken consists of the 


printed on a metal specimen at a notch will reveal the : - - 
sburgh, Pile, —"s A : ; “a three stresses desired rather than three strains from which 
: ount of strats im Siig ares. at: failure. Using, high-speed calculations must later be made. For cases where only one 


measuringight sources, it may even be possible to record photo- : . : 

ch tool anagtaphically the strain distribution at the notch just before ar pom ae eyecare eae only one reading need be 
‘g! -M@ailure under impact. en, thus faci itating rapi testing. 
"industria Another important matter in which aeronautical practice 
| as thos differs from that of other branches of engineering is that 


ceived co ' ' : : even in members not composed of thin skin nor subject 
useful i ptrain Fig es in Plates Under Static and to early buckling (such as forged fittings, extruded beam 





, Sulla Impact Loads as Obtained by the flanges, and some castings) the member is stressed beyond 
a eH P B ; Ts the elastic limit by design loads. Thus strain measurements 

ne 1 must be made in the plastic range. Contrary to some pre- 
ability, ant rittle equer Method viously published data, it has been found that the standard 


1 Abstract of paper presented at joint meeting of i + s ; j 
amplifie erimental Stress Analvsis and ones Daedhanite Mcilios of _ Baldwin-Southwark SR-4 strain gage 1s dependable at the 


8.M.E., New York, Nov. 28-Dec. 3, 1943. relatively high values of strain involved. 
the bridg By M. HETENYI Because of the large number of gages employed in the 
on rie Westinghouse Research Laboratories, East Pittsburgh, Pa. usual structural test, a strain-indicating unit with a single 
© design 


Square plates under various edge conditions were coated bridge built in (such as some of the commercially available 
sneluding vith brittle lacquers and subjected to concentrated static duipment) is unsuitable for such work. A multiple bridge 
, ‘end impact loads respectively. The resulting crack patterns Unit is necessary. A remarkably compact multiple bridge 
OW gTOUNGE, the coatings show that there is a striking difference input unit containing 40 bridges has been developed by the 
ressure: Hbetween static and impact stress distribution even at low Curtiss-Wright Corporation. Two such units may usually 

Impact velocities, be operated by one man in conjunction with a direct read- 
re Besides the discussion of the above tests the paper also img Strain meter. In the input unit, particular attention is 
cludes some firing test results, tests of the cracking sensi- &1ven to simplification of wiring and ease of identification 

ivity of the lacquer at high speeds of deformation and an °f the wiring of each channel to avoid confusion in tests 
nvestigation of the behaviour of brittle coatings under Where large numbers of gages are used. The direct strain 
ety for XM i-axial stresses. reading unit consists of a d-c. amplifier and a meter cali- 
on brated in strain units. Drift in the d-c. amplifier must be 

7 . compensated periodically during the test. A later model of 

Experiments on Combined Stresses the unit employs an a-c. amplifier which eliminates this 
B® Abstr ; drift. These direct strain reading units have the advantage 
used giilMerimental Stress Analysis and Applied Mechanics Division of tke of speed and simplicity of operation over the generally 


» describe 
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scimens pe 8.M.E., New York, Nov. 28-Dec. 3, 1943 used null type of indicator. 

formatia _ _ By J. MARIN For quasi-static flight work, the unit employing an a-c. 
rrids use | Pennsylvania State College, State College, Pa. amplifier is used. Because of the limitation on the number 
ace of tM This paper outlines the various kinds of experiments of channels which may be used in flight, the rosette com- 


jecessaril at have been made to determine the behavior of materials puter principle is of great value in flight testing. A carrier 
which bjected to combined stresses. The main purpose of such system with recording oscillograph is _used in dynamic 
hoto-Giaexperiments is the evaluation of the yield or ultimate flight work. 

ace of t™trengths of materials subjected to a combined state of * Strain gages may be adapted to many varied uses. South- 
aly on alfptress, A discussion is given of the different types of speci- well’s method for determination of buckling loads may be 
n the sijjmens used and the test procedures required for combined extended to use measured strains rather than deflections. 
r negatifgg'ress experiments. Static, fatigue and creep loading con- Load distributions on wings and tails in flight may be 
] grid ig@@tions are considered, thereby covering the major kinds determined. Control forces and control surface hinge 


ative. Tympf loading. Methods of interpretation of the test results moments are readily measured. Strain gages are easily 
withstaggere also reviewed. The various problems requiring further used as accelerometers and vibration pick-ups. 
in dete itn eee: are outlined and new kinds of experiments Additional applications of strain gages are also discussed 


is important field of investigation are suggested. in the paper, together with possible future adaptation. 
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Practical Reduction Formulas for Use on 
Bonded Wire Strain Gages in Two- 
Dimensional Stress Fields 


Abstract of naper presentcd at joint meeting of Society for Ex- 
perimental Stress Analysis and Applied Mechanics Division of the 
A.S.M.E., New York, Nov. 28-Dec. 3, 1943. 


By R. BAUMBERGER, Ruge-deForest, Cambridge, Mass. 


All resistance wire strain gages consisting of more than 
a single strand are sensitive to strain transverse to the 
axis of the gage. For this reason a single value of gage 
sensitivity is valid only if a certain ratio exists between 
the strains axial and transverse with respect to the gage 
axis. Such is the case with simple tension and compression 


specimens. But when the stress field is two dimensional . 


some compensation must be made for transverse sensitivity 
when careful measurements are called for, as in the case 
of rosette gages. 

It is the object of this paper to derive practical formu- 
las for finding true strain from gage readings allowing for 
the transverse effect and expressions for the error involved 
when this effect is neglected. Formulas are obtained for 
general types of gages and for particular commercial 
models of the Baldwin Southwark SR-4. gage. 

A general method for calculating the sensitivity of a 
gage from its geometry is applied to a wire of arbitrary 
shape in a general strain field. The special cases of a 
plain grid gage with semi-circular ends and a saw-toothed 
gage are then worked out and the formulas put in terms 
of width, length, and the number of strands for con- 
venient use. Results are compared with formulas derived 
from the assumption that the resistance change of a gage 
is a linear combination of the strain along and across its 
axis. Both of these approaches are checked against cali- 
bration data faken on several standard SR-4 types and the 
verified formulas are tabulated. They give true axial strain 
in terms of the factor furnished with the gage, the ratio 
between axial and transverse strain, and the gage reading. 

Strain rosettes are next considered. Formulas are ob- 
tained for true strain along the components of a general 
equiangular rosette and for the 45°, the 60°, and the t-delta 
rosettes. As an adjunct to this information, expressions are 
included for the principal stresses and their directions in 
terms of readings made with the four rosette types treated. 

The above information clarifies the behavior of single 
gages under non-simple strain conditions and makes their 
use as improvised rosettes quite feasible. But stated manu- 
facturing tolerances and normal errors in gage application 
and measurement must still be kept clearly in mind. 





Measurement of Dynamic Stress and 
Strain in Tensile Test Specimens 


Abstract of paper presented at joint meeting of Society for Ex- 
perimental Stress Analysis and Applied Mechanics Division of the 
A.S.M.E., New York, Nov. 28-Dec. 3, 1943. 


By R. O. FEHR, E. R. PARKER and D. J. DeMICHAEL 
General Electric Co., Schenectady, N. Y. 


The tensile strength and the yield strength of test 
samples of cold rolled steel, and of dural were measured 
while the specimens were being broken by a force applied 
at high speed in a high-velocity impact-testing machine. 

The paper presents some results of these tests, contains 
a description of the technique and of the analysis used. The 
adequacy of technique and analysis is demonstrated. 

Wire strain gages were used to make the stress measure- 
ments. The dimensions of the test section were not small 
compared to the wave-length of the applied force, and in 
consequence the time element was no longer negligible. In 
interpreting the records, use was made of the theory of 
longitudinal wave transmission, since commonly used laws 
for determination of stresses due to forces applied gradu- 
ally are not valid here. The theory of longitudinal wave 
transmission also gave information on some of the limita- 
tions of the high-velocity impact-testing machines. 
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Investigation of the Cross-spring Piyg 


Abstract of paper presented at joint meeting of Society for p 


wort al Stress Analysis and Applied Mechanics Divisi n of tj 
A.S.M.E., New York, Nov. 28-Dec. 3, 1943. 


By W. E. YOUNG, Westinghouse Elec. & Mfg. Co, 
East Pittsburgh, Pa. 


The cross-spring pivot, or elastic hinge, consists of 8 
tem of flat springs intersecting as in the letter X. The ey, 
of the springs are fastened to the two members which jt 
desired to connect. This system has the characteristic 
rotating approximately about the intersection of the sprip, 
and in many applications it can advantageously replace ¢ 
knife edge. The cross-spring pivot appears to have seve 
qualities which often make it superior to either knife eq 
or pin connections in controlling an oscillating motion. It 
perfectly elastic since there are no moving parts in conta 
to produce friction; also its construction enables it to wit! 
stand a sudden reversal of load which might unseat a kni 
edge. Its chief advantage over a pin connection lies in ¢ 
fact that with no moving parts in contact, no lubrication 
necessary and no wear takes place. The author develops 4 
sign formulas for certain standard forms of the two-sprir 
pivot on the basis of experimental results. Formulas af 
developed for the spring constant, bending stress, and m( 
tion of the pivot point. It is concluded that, except in t 
case of extremely accurate instrumentation, the cms 
spring pivot may sometimes be used for deflection angles g 
high as 45°. 





Model Analysis of Structures 


Abstract of paper presented at joint meeting of Society of Ex 
ee ey Stress Analysis and Applied arse Division of thi 
, New York, Nov. 28-Dec. 3, 1943 


By C. H. NORRIS 
Massachusetts Institute of Technology, Cambridge, Mass. 


Methods which are used in the analysis of structurd 
models are discussed. These methods are the ones mo 
commonly used in the M.I.T. Structural Analysis Lalo 
atory. Certain of them are well-known and therefore an 
discussed briefly. Other methods in use in this laboraton 
are not as well known and therefore are presented ij 
greater detail. These include the moment indicator an 
moment deformeter used in stress analysis problems an 
an adaptation of the sonic method for determining thé 
frequencies and shapes of the normal modes of vibratio 
of structural models. In addition, a description is include 
of a spring balance used to compensate for the creep 0] 
certain photoelastic materials. 





Surface Fatigue of Plastic Materials 


Progress Report No. 16 of the A.S.MLE. Speci 
Research Committee on Strength of Gear Teel 


By EARLE BUCKINGHAM, Professor of Mechanical 
Engineering, M.I.T., Cambridge, Mass. 


Surface fatigue is a phenomenon largely responsible {0 
one type of wear, commonly known as pitting. To evalu: 
this phenomenon a special testing machine has been bull 
and tests have been run almost continuously during %™ 
past 6 years. This machine consists of two shafts runnl 
in plain bearings, one mounted in a heavy fixed frame 2 
the other mounted in a substantial swinging frame. TM 
test rolls, with a maximum face width of 1” and fr 
2.200” to 4.00” diam., are mounted on the shafts. A 0 
is set up between them by a calibrated spring acting agail§ 
the swinging frame. Revolution counters are connected 4 
each shaft. Gears may be mounted on the ends of the shalifj 
in such a manner as to obtain any desired amount of sl 
ping or rubbing between the two test rolls. Many of ® 
tests under rolling conditions are run without gears, 
rolls driving each other by friction. Plain bearings ¥® 
used to avoid the possible dynamic effects of ball or roll 
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bearings. An oil pump provides oil for the bearings and the 
zears. The testing machine is driven by a small Sprague 
jynamometer, and records are kept of the torque input dur- 
ing the runs. The physical properties and the structure of 
the materials under test appear to have a pronounced in- 
fluence on the nature of the surface failure. Many data on 
various steels are given. 





ERRATA IN JANUARY ISSUE 
P. 11, Cermak art., 10th par.: For “The acquaint” read “To 
acquaint.” 
P, 26, footnote: For “FULL TEXT’ read “EXTENDED ABSTRACT.” 
P, 28, caption: Scale width is 10”, not 11”. 
P. 32, 2nd col., 2nd par., 6th line: For “by” read “be.” 


P. 33, table: heading “SUPERVISORY OBJECTIVES” should straddle 
third, fourth and fifth columns—not second column. 


P. 76, 3d col, 5th line: For “untilized” read “utilized.” 





EASILY BUILT SCALE MARKING MACHINE 
(Concluded from Page 84) 


means of a smali scriber tool. The first, or left-hand, groove 
is cut on the diameter and is parallel to the surface of the 
ruler (2). The remaining ten grooves are cut approximately 
parallel to this first one in such a way that they are at 
successively greater angles to the ruler as they are viewed 
from the left to the right end of the index plate. When the 
index (4) is near the upper edge of the ruler, the pin 
fastened to it will fall in the successive grooves along a 
fixed radius. This will produce a series of evenly-spaced 
divisions on the scale. If the index (4) is moved nearer to 
the center or pivot point of the ruler, the divisions shown 
on the scale will be correspondingly farther apart, though 
still evenly divided. In the unit described, and primarily 
designed for drawing hand-stepped scales with an are ra- 


dius of 3”, the distance between the lines on the index plate 
is approximately 1/16”. 

To locate the grooves on the index plate (5), mount it 
to the board and scribe an are along its upper edge and 
another one along its lower edge. Locate the top of the end 
lines by setting the ruler to the shortest scale increment 
and marking these poiuts on the top arc of the index plate. 
Néxt, with the index pin in the left of these two points on 
the top arc, slide the index plate to the beginning of the 
longest scale increment. Move the index pin along the ruler 
until it reaches the are along the lower edge of the index 
plate and mark the point of intersection. Move the ruler to 
the other end of the longest scale increment and mark the 
point at which the index pin falls on the lower arc. Divide 
both the upper and the lower arcs between the marked 
points into ten equal parts. Connect the corresponding 
points on the upper and lower arcs with grooves described 
in Paragraph 5. For uniformly-divided scales such as those 
normally encountered on d-c. instruments, these lines will 
be practically parallel. On non-uniform a-c. voltmeter, am- 
meter or wattmeter scales, these lines will taper outward 
from the upper arc to the lower arc. In both cases, though, 
the left-hand index line will be directly on the radius or in 
a straight line with the ruler. 

For scales with other than uniform characteristics an 
index plate (5) can be made with the lines close together 
at the left end and farther apart at the right end. The 
exact spacing would be determined by the inherent charac- 
teristics of the scale being drawn. For example a plate 
could have the current squared characteristics of a thermo- 
couple type radio-frequency ammeter for stepping scales of 
this type or with slightly non-uniform characteristics of 
the common variety of a-c. moving-iron or electrodynamic 
type a-c. instruments. 
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Angie Computer 780 

APB Standardization of Instrument Pro- 
duction 597 

Apparatus for Determining the Tensile 
Strength and Elongation of Single Fi- 
bers 612 

Army Air Forces Measure Strains on Test 
Flights 224 

Army Gets Latest Advice on Combustion 
Control 102 

Autogranhic Creep Test 3870 

— Recorder for Gear Checkers, 
ete 

Automatic Kiln Draft Control with Ther- 
mocouple as Primary Element 4 

Automatic Loon Simulator for Link Trainer 
Halves Training Time 198 

Automatic Shel! Gaging 34 

Automatic Temperatures of Crvstallization 2 

Automatized Inspection of Aircraft Elec- 
— Instruments Triples Testing Speed 


ae - Kiln Saves Time and Mate- 
als 2 

Automatized Statistical Control 18 
Balances, Precision 41 

Balancing Machine, Dynamte 574 
Balancing Machines, High-speed 782 
—<. Inverter, Aircraft Instrument F. 


Barometer, Altimeter 784 

Baths and Ovens, Explosion-proof 784 

Bimetal for Circuit Breakers, etc. 452 

Boiler Meter 645 

Bonding Ring 48 

Bridge, Kelvin 719 

Bridge, Portable Kelvin 580 

Bridge, Wheatstone 142 

Bridge, Wheatstone. High-precision 649 

Brittle-coating Method Aias Development 
of Armor and Armor-pierring Bullets 698 

C.A.A. Ratings for Aircraft Instrument 
Mechanics 680 

Cabinet, Constant-temperature Dry-Ice 84 

Cabinet, Testing. High- and Low-tempera- 
ure 

Calculator, Combustion Efficiency 231 

Calculator, Visibility 90 

Camera, High-speed 
Motion-picture 642 

Capacitors, Heavy-duty 640 

Canacitors, A'ch-altitnde Of 714 

Capacitors, High-voltage Bakelite-cased, 
Tubular 713 

Capacitors, Plug-in Type 232 

Capacitor, Two-terminal Oi) 650 

Capacitors, Uitra-small Ol) 512 

Case, Gage-block 383 

Cause of Noise in Gyro Instruments and 
a Suegestion for its Prevencion 144 

Chilling Unit for Product Testing 382 

Chronograph, 25-circuit 240 

Chronogranh, Multi-element 380 

Circuit testing By-pass 84 

Classifier, Automatic Size 450 

oes Machine, Emergency Instrument 


(8000 frames/sec.) 


Cleaning Machine, Instriment 46, 48 
Cleaning the Directional Gyro Air Nozzle 


200 
Cleaning Sma}! Bench Files 272 
Coast Test Fixture for the Directional 
Gyroscope 202 
Combustion Furnace 572 
Commercial Standard "tor Clinical Ther- 
mometers 688 
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Communications Clock 578 

Communication fSystezxa with Interceptor 
Control 234 

Comparator, Angle 711 

Comparator, Contour 582 

Comparator, Electric 236 

Comparator, Photoelectric Color 795 

Comparator, Universal Optica] 233 

Comparator Gage, for Use by Blind Per- 
sons 50 

Contactor, 25-ampere Aircraft 653 

Control, De-icer 707 

Controller, Adjustable-speed 385 

Controller, Air-operated 806 

sat - Meets Electro-pneumatic Relay Type 


einen for Resistance Welding of Alu- 
minum 232 

Controller, Liquid-level 45, 242, 711 

Controller, Pneumatically-set 702 

Controller Safeguards Maguesium Grind- 
ing 374 

Controller, Safety Pressure 79 

Controllers, Welder Timing 164 

Cooling Unit for Separately-enclosed Test 
Specimens 459 

Counter, Ammunition, and Gun Malfunc- 
tion Signa) 381 

Counter Assembly. Cyclometer Type 711 

Counter, Precision Coil-turn 312 

Decade Box 572 

Decade Box, Megoam 230 

Decade Resistance Boxes 162 

Densitometer, Photoelectric 576 

Detector, Tube Flaw 708 

Determination Apparatus, Magnetic Ore 
Content 644 

Determining Polarity of Extension Leads 


560 

Dial Gage Surface Plate Clamp 164 

Dial-indicator Calibrator 714 

Draft gage, fast-acting sensitive 19 

Dual-tester, Advanced Design 709 

Dynamics, A ‘Refresher’ for Instrument 
Men 660 

Dynamotors 388 

Drnamometer Scales 88 

Electric Thermometer Tester 356 

Electric Thickness Gages Speed Produc- 
tion 15 

Elecirical-instrument ‘‘Exerciser’’ for Prop- 
erly Adjusting End Play 672 

a eee Source Unit for Spectrography 

Electrolytic Conductance Measuremeuts in 
Industry 7: 

Electronically-checked Powder Charges 772 

Electron Tubes—Their Principles and Their 
Instrumentation Applications 258, 334, 
408, 480, 602, 664, a 

Electronics and Ionics 186 

Electronic Prime-relay Unit for Automatic- 
control Systems 709 

Electronics Mystery Solved 364 

Electron Microscope 240 

Elementary Data on Fluorescence 618 

Eliminating Noise in Gyroscopic Instru- 
ments 147 

Emergency Liquid-level Controller 330 

Emergency Rebrushing of Reversible Gear 
of Chronometric Tachometer 358 

First Comprehensive American Standard 
on Electrica] Instruments is Promul- 
gated 190 

Fixture for Speeding Visual Inspection and 
Size-grading of Glass Jewel Bearings 
671 

Fixture for Testing Plywood Panels in 
Shear 386 

Fiame Failure Safeguard 714 

Fleming & DeForest (Letters to the Edi- 
tor) 636 

Flow-rate Indicators 312, 379, 448 

Forced-oscillation Approach to the Prob- 
lem of the Automatically-controlled Con- 
tinuous Process 474 

Forces Involved in Curvilinear Motion, A 
“Refresher” for Instrument Men 733 

Fractionating Apparatus, High-tempera- 
ture 82 

Frequency Generator and Response Re- 
corder Combination 774 

Frequency Measurement, 4, i Method 60 

Frequency Meter, 0-50-ke 

Frequency Meter, neat ty . a Megacycle 
Ranges 314 

Frequency Meter, Vibrating-reed 577 

Frequency Meter, Crystal-controlled $18 

Fuel Mixture Indicators 760 

Furnace, Laboratory 167 

Gage, Adjustable Diameter 647 

Gage Blocks 86 

Gage, Crane Stability 786 

Gage, Diameter and Length 575 

Gage, Indicating or Recording, for Bore 
Diameters 80 

Gage, Long-distance Liquid-level 641 

Gage, Metal Wear 


Gage, Pipe 654 

Gage, Pressure 224 

Gage, Pressure, Triples Testing Speed 30 

Gages, Push-pul) 453 

Gages, Thread 237 

Gages, Thread Snap 460 

Gage, Thickness, Height and Distance 580 

Gages, Vernier Height 236, 516 

Gage Mount, Dial 164 

Gage that ‘‘Weighs’’ Shell Forgings 406 

Gaging Teeth of Huge Marine Gears 698 

Gas Determinator 43 

Gaskets, Composition 244 

Gasket Thickness Tester 758 

Generator, Variable Frequency 778 

Glossmeter 455 

Graphica) Analysis of Transient Phenomena 
in Industrial Processes 466 

Gyro Horizon Outside Calibration Fix- 
ture 200 

Gyro Instruments, Cause of Noise and 
Suggestion for its Prevention 144 

Gyro Instrument Tests 423 

Gyroscopic Instruments, Eliminating Noise 
147 


Hand Crank for Chronometric Tachometer 
Shaft 424 

Heart Specialists Now Use Sound-frequency 
Analyzer 228 

Height Finder 230 

Help Wanted 559 

Hint on Fuel Quantity Gages 758 

‘Home-made’ Devices Built Far Away 
from Home! 757 

Horizon Rotor Shimmying 424 

How to Spot-weld Chronomatic Tachom- 
eter Corrector Wheel 274 

— Bridge with D-c. Galvanometer 


Improve! Standardize! Certify! 607 
Indicator, Dial 574 

Indicator, Universal Test 40 

Infra-red Tunnel Temperature Measure- 


ments 28 

Instrumentation Aids United Air Lines to 
Set New Records in Air Transportation 6 

Instrumentation at Pitt 111 

Instrument Care Requires Less Than 1/100 
of Time They Save 32 

Instrument Cleaning and Rinsing 
pounds 230 

An Instrument Mechanie’s Nightmare 434 

Instrument Men Represented in WPB 268 

Instrument O'ler 424 

Instrument Pivots and Bearings 262, 340 

Instruments Assist in ‘‘Merry-go-round’’ 
Curing of Propeller Blade Fairing 732 

Insulated Wire Markers 44 

Insulation-resistance Indicator 781 

Internal-pivot Construction Electric In- 
struments 646 

Jack, Heavy-duty 586 

Johns Hopkins Teaching Use of Industry 
Controls 226 

Junction Box Set 654 

Kilovoltmeter 165 

Lathe, Instrument 308 


Leadership 487 
Liquid or Conducting- 


Level Controller, 

sol'd 780 
Lighting Fixture, Supplemental 716 
Limit Dial for Micrometer Speeds Inspec- 


Com- 


tion 24 
Liquid-level Indicator-controller, Buoyancy 
Type 707 


pe 

Locking Ring 519 

Magnetism and Electricity as Utilized in 
Aircraft Instruments 495 

Magnetometer for Materials Inspection 713 

Magnifying Mirror 776 

Making Water Manometers or Draft Gages 
More Quickly Readable 12 

Malin’s Spring Steel Music Wire 491 

Manometer, Multi-scale 91 

Manometer, Service Type 78 

Masonite Panels 4 

Mathematica] Analysis of Special Electric 
Control Cireuits 743 

Mechanics, Refresher on Principles 126 

Megohmmetcr-ohmmeter-voltmeter 818 

Micrometers 774 

Microphone, Cardioid Dynamic 92 

Microscope, Electron 240 

Miniature Geiger-Muller Counter 744 

Modified Shop Instruments Speed Meas- 
urements 699 

Monochromatic Inspection Light 379 

Motor-generator for A-c. Instrumentation 
Services 704 

Motor, Instrumentation 512 

Motors, Aircraft Electric 704 

Multitester 166, 244 

New American Standards for Transform- 
ers, Regulators and Reactors Aid War 
Effort 444 

Newest Developments in Glass Gages 254 

New Resonant-cireuit Method of Remote 
Positioning or Remote Operation 250 

wy 5 of Appreciation to Instrument Men 


Notes on Overhaul of Gyro Rotors 626 
Obtaining Electrical Indicating Instru- 


ments 416 
One Multiple Gage Practically Equals 63 
Fixed Gages 32 
“On-the job’ Adjustments of 
ated Recorder-controllers 894, 
“On-the-Job’’ training 67 
Operation of Vacuum-operated Automatic- 


pilot Alr Pick-offs 
Ordnance Production Gaging 94, 130, 192, 


Alir-oper- 
594 


343, 668 : 
Ore-grading Card for U-v. Fluorescence 


2 

Oscillographic Measurements in Spot 
Welding Research 478 

Oscillograph Speeds Up Training of 
Electrical Instrument Mechanics 64 

Oscilloscopes, Cathode-ray 90, 242, 310 

Petroleum Industry Priority Regulations 


527 
pH sotee Speeds Repair of Connecting 
Rods 2 
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Photoelastic Agsivte Increases Streugth 
of Turbine Bolts 870 

Photoelectric Measurement of Color 299 

Photoelectric Relays and Light Source 


243 
eee. Fitter, for Chemical Analyses 


Pick-up, Pressure 
a Thin leak with Jeweler’s Say 


Pilce Lights 572 

Pilot Light for Tool Setting 29 

Pilot Light, Shutter Type, Variabie-in. 
tensity 238 

Pipe Plug Gages 712 

Pipette, Adjustable Automatic 520 

Pitot Tube Test Fittings 12 

Pivoting, Shop Kinks 125 

Pivots and Bearings 262, 340 


Plastic ‘‘Bomber Nose’’ Speeds Altitude 
Testing 756 
“Polarimetry, Saccharimetry and the 


Sugars’ 744 
Positioner for Diaphragm-motor Valve 


174 
Pre-calibration Filling of Remote-reading 
rmometer Systems 197 
Precision Measuring Instruments for In- 
dividuals 226 
Pressure and Detonation Pickups 85 
Pressure Testing Fixture for Threaded 
Chambers 12 
roe of Mechanics for Instrument 
hefresher 126 
oduction”* vs. 


“Employment Prob- 
“Noms 72 


Projector, Contour 652 
Projector, Star, for Training Aeria) Navi- 


gators 152 
Protecting Screw Threads from Damage 
When Hoiding in Lathe Chuck 272 
Protection System, Quarter-mile range 

Infra-red Photoelectric A 
of R-f. Amme- 
Shop Kinks 1% 

rds 688 


Buisetien Damper be * ail 
a trot 
Pye ty aie: ad 

A “Quiet ee (Vibrator) 494 
Radio ee Kit for Training Pro- 


grams ¢ 

Rapid Method and Apparatus for Type 
ban i in Aircraft Instrument Produ- 
on 

Rapid Non-destructive Materia} 
with the Cathode-ray Oscilloscope 14 

mae. Duplex Flow, with Ratio Point- 
er 

Recovery-curve Graphs for Properly Ad 
justing Air-operated Automatic Can- 
trollers 398 

Rectifier, Half-wave 450 

Rectifiers, Industrial 452 

Reduction of Eye Fatigue 89 

ae —¥h for Anal Liquid — 
It Flows in Pipe-line Under P: 


774 

Refresher on Principles of Biechanics for 
Instrument Men 126 

Refresher on Vibratory Motion for Instrv 
ment Men 597 

Regulator, Aircraft Voltage 653 

Regulator, Base Assembly 448 

Regulator, Boller Feedwater 775 

Regulator, Gas-pressure 241 

Relay-Aircraft 40, 43, 48. 165, 513, 644 

Relay, High-speed Aircraft 92 

Relay, ap-ont, for Generator Pro 


Instantaneous Auxiliary 40 
° 5 eee 650 
echanical-latching _Double-coll 


Mercury Plunger 647 
Motor-positioning 450 
Photoelectric, Outdoor 641 
Photoelectric Prime for Pointer 
scale Instruments 47 

, “‘Sealed-chamber’* Midget 514 
Synchronous Motor Starting 23 
Time-delay, Aircraft Application 


8 
Relay and Switch Test Units 886 
Relays, Dynamic-braking 702 
Relays and Light Sources, 


243 
Relays, Small Power 46 


Relays, Time Delay, with Inert-gs 
Quench 48 
Remote Control Speeds Testing of Mo 
tors for 0. 8. Aircraft 364 
oving Drag ~ = from Pioneer ME Y 
Electric 


Replacing Proken pear “Teeth 204 

Resistance Tester 234 

Resistometer for Anti-static Surveys 
Portable 240 

Resistors, Instrument 456 

Resistors, Sealed Variable 87 

Resonance Meter 706 

Revised Handbook on Weighing sné 
Measuring Devices 683 

Rheostat, Circular Slide-wire 518 

Rheostats, Tandem Power 458 

Rotameter for Hydraulic Oil Flow-rste 
Testing 78 

Rotameters, Enclosed 703 

— Centering Plug for Directional 


Rubber Mountings, ba 162 

Safety Extension Light 2 

Salvage Jewels in Old Timepieces 16 

Seale, Audible-siena!l 50 

no a oo nee ey 
jes, ynamometer 

Photocell-equipped, for 


90 
Seasoning Bourdon Tube Instruments 85 
Mechs: 


Ol and 


Serologiea] Bath Cover 71 
Shoe Will Fit U: 


8 504 
Shutter Pilot Light, Variable- 
tensity 
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STATIONARY 
TACHOMETERS 


CENTRIFUGAL TYPE 


Indicating R.P.M., F.P.M., etc. 
Belt, Sprocket, or Flexible 
shaft drives 


Models available for practically 
every requirement. 


Immediate and intelligent attention will 
be given to your inquiries on all industrial 
speed measurement problems. Drop us a 
line today. 


Amthor Testing Instrument Co., Inc. 
F| 49a Van Sinderen Ave. 


Brooklyn, N. Y. 














PERMANENT 
MAGNETS 


ha Arnold Engineering Company i 


1) 


oughly expérienced in the productio1 


types of permanent magnets 1 


\ll magnets are completely manuf 


own plant under close 1 


and magnetic con 


THE ARNOLD 


1 of all ALNICO 


» ALNICO \ 


FINGINEERING (OMPANY 


147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS 








Interval Timers 





Process Timers 








Signal Timers 








Time Switches 











HT 
° 
® 











AUTOMATIC 


—SS=ELECTRIC = 
MANUFACTURING CO. 
MANKATO, MINNESOTA 














ATTENTION 
PRECISION 
OPTICS FIRMS! 


American know-how has 
once again shown that it 
can solve optical manu- 
facturing problems with 
finality. 


COL -EMEROID 


A LIQUID THAT 
“MAGICALLY” ELIM- 
INATES FINE GRIND- 
ING SCRATCHES when 
used with the usual fine 
grinding abrasives. Now 
in use by some of the 
larger precision optics 
firms. 


Orders accepted for one gallon 
or for larger quantities. 


Developed by 
Optical Engineering 
Laboratories 


63 Park Row New York 7, N. Y. 


Optical consultants, designers and pro- 
ducers of precision optical instruments, 
machines and measuring devices. 
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NAMEPLATES, DIALS 
GAUGES, MARKINGS 
LETTERING, TRADE 
MARKS, ETC... OF 
ANY SURFACE 


Facilities for complete mark- 
ing production—any quan- 
tity, on any surface. 


MULTI-MARK Screens made up 
for any design; reproductions 
may be made directly on your 
products without special ma- 
chinery; complete directions 
furnished. 


Write to us for information on 
marking problems ... we've bad 
experience with scores of them 
and may be able to belp you. 


MULTI-MARK DIVISION 


Colonial Process Supply Company 
136 West 23rd St.. NEW YORE 
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Signal Light 239 

Simplified Two-Pointer Arrangement 7 
Sine Bars for Bevel Gear Gaging 88 
Slide Rule, Reactance 78 

Smoke Meter, Photoelectric 575 


Soldering Electrica] Aircraft Instruments 
491 

Solenoid Contactor, Aircraft 50 

Solving Contrul-valve Pressure-drop Prob- 
lems 399 

Sources of Error in Precise Commercial 
Refractometry 505 

Special Wrench for Switchboard Instru- 
ments 330 

Spectrophotometers for Camouflagers 743 

Speeding Up the Assembly of Gyro In- 
struments 7 

Speeding Up Measurements of Air Flow 
to Aircraft Engines and Carburetors 54 

Speedy Pneumatic Method of Bore Gag- 
ng 2 22 

Sphe rumeter 236 

Spring-loaded Stopcock 248 

Stan lardization Through Cooperation 428 

Standards Provide Accuracy, Boost Pro- 
duction, Cut Costs in Mass Production 
$31 


Standard Thermocouple 30 

Standardized Counting Devices 33 

Star Projector for Training Aerial Navi- 
gators 152 

Starter, Automatic, 
tion Engines 316 

Stopcock, Spring loaded 243 
**Supersensitive’’ 772 

Supervisory Instruments Avoid Turbine 
Troubles and Help Train New Opera- 
tors 686 

Surface Plates, Glass 572 

Surface Plates. Granite 645 

Switch, Lever 79 

Switch, Multi-deck 384 

Switch, Open-blade Snap-action 648 

Switch, Precision (“Peanut Micro 
Switch’’) 453 

Switch, Pressure 572 

Switch, Pressure, for Proportional or 
Automatic-reset Control 640 

Switch, Thermostatic Flow 381 

Switches, Sealed 379 

Synchronous Control, 
Welding 168 

Synchronous 


for Internal-Combus- 


Half-cycle, Spot 

Motor Starting Relay 235 

Table for Calibration of Electrica] In- 
struments, Versatile 116 

Tachometer Test Drive 512 

Tandem Controls 306 

Tandem Rheostat Assemblies 644 

Telemetering System, Pneumatic Differ- 
ential-pressure 454 

Temperature Controls for Aircraft 716 

Temperature Indicator, Electronic 649 

Test Bomb, Preliminary 777 

Chamber, High-altitude 576 

Test Chamber, Humidity 458 

Panel, Balanced Relay 516 

Stand, Aircraft Starter 708 

Stand, Propeller Governor 518 

Tester, Aircraft Autosyn 457 

Tester, Aircraft Spark Plug 242 

Tester, Boxboard 651 

Tester, Determining Resiliency of Pilas- 
tometers 651 

Tester, High-speed Circuit 521 

Tester, Insulation Breakdown 778 

Tester, Portable Spark Plug 705 

Tester, Production Hardness 42, 514 

Tester for Ration Type Dual and Single 
Thermometer 271 

Tester, Shear-hardness 388 

Testers, Spark Ping 242, 640 

Spring 578 

Tensile. for Plywoods 578 
Insulation 230 

Testers, (1) Pocket-size Multimeter (2) 
Output Meter (3) Volt-Ohmmeter 586 

Testing Machine, Parachute Web 642 

Testing Machine, Vibration Fatigue 452 

Testing Scale for Pressure Instruments 
to 8” Water, Shop Kinks 122 

Testing Wattmeters With One Potenti- 
ometer 404 

Test Kit for Network Protectors 168 

Thermocouple, Liquid Bath Furnaces 782 

Thermometer Installation Tester 354 

= ee Maximum and Minimum 


Thermometer, Redesigned 231 

Thermometers, Industrial 448, 640 

Thermopile for Tests of Heating Equip- 
ment 8 

Thermostats, Cabin Type 702 

Time Delay Relay for Automatic Control 
of Cotton Feeding Equipment 35 

Time-interva) Meter, Millisecond 320 

Timer, Electro-pneumatic 169 

Timer, Percentage 883 

Timers, Automatic, Manual-reset 
repeat 

Timers, Multiple-contact 79 

Time-saving Calculator for A-C Work 742 


Cycle- 


i * for Truing or Balancing Wheels 
Torque Wrenches 78 
Transformer, Extreme Temperature and 
Humidity 41 
nsformer, Hermetically-sealed 457 
Transformer, Rotatable 648 
Transformer, Testing, Home-made, Shop 
Kinks 122 


Transformer, Testing, Interference-free 42 

Transformers, Aljrcraft, Two-phase to 
Three-phase 652 

Transmitter, Electro-hydraulic 306 

Transmitter, Fuel Level. for Aircraft 40 

Precision 382 

Chart for Chronometric 


276 
Troubleshooting on Cylinder Head Tem- 
perature Installations 758 
Trouble Shooting on the Flight Line 70 


Trouble-shooting on the Gyro Flux-gate 
Compass Svstem 

Hy the Electrical Tachom- 
eter System 


Truck System - Gage Checking Inaugu- 
rated 188 
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Tube Socket, Cathode-ray 513 

Valve, Quick-reversing Hydraulic 648 

Vaive, Solenoid-operated Shut-off 702 

Vibration Fatigue Testing Koulpment 162 

Vibratory Motion, Refresher 597 

Viscous Flwa Flow unreugh a Small 
(0.03”) Orifice in the Reynolds Range 
from 0 to 2000 728 

Visibility Calculator 90 

Voltage Regulator 163 


Voltage Regulator, Generator 44 
Water Detector Lock 456 
Water-l vel Kemo'e Indieator 584 


Wins $50 War Bond 39 

Woman Pilot Becomes 
nician 374 

Worker-chosen Classical and Soft Music 
Improves Output 3 

WPB Orders Pertaining to Instruments 
416. 526. 5°8. 747 

X-ray Crystal Analysis Apparatus 47 

X-ray Machines 744 

X-ray Unit Inspects 17,000 Airplane 
Parts Daily 700 


AUTHOR INDEX 


Acme Elec. & Mfg. Co. 42 

Acro Electric Co. 648 

Adel Precision Products Corp, 649, 702 
Aeropoint Co. 308 

Aerovox Corp. 512, 651, 714 

Aircraft Specialties Co. 244 

Aiehae Mis. & Supply Corp. 519, 641, 


Allied Radio Corp. 707 

All American Tool & Mfg. Co. 162, 452 

Allied Control Co. 46, 92, 

Allsman, Everett M. 148, 206, 276, 360 

American Coils Co. 458, 577 

American Gas Accumulator Co. 169 

American Gas Furnace Co. 379 

American Instrument Co, 83, 84, 455, 777 

American Schaeffer & Budenberg Div. of 
Manning, Maxwell & Moore 231 

American Standards Association 444 

Ames Co., B. C. 40 

Amperite ‘Co. 163 

Andersen, Donald E. 28 

Anderson, John W. 104 

Angle Computer Co. 781 

Apceo Mossberg Co. 7 

Applied Research Labs. 644 

Askania Regulator Co. 306 

Associated Research, Inc. 318, 780 

Avia Products Co. 

Bacharach Industrial Instrument Co, 231 

Baker & Williamson 711 

Barber-Colman Co. 450, 640, 702 

Barry Company 450 

Bausch & Lomb Optical Co. 152 

Bear Mfg. Co. 574 

Becker, Arthur L. 757 

Behar, M. F. 1, 53, 65, 115, 135, 185, 190, 


Instrument Tech- 


249. 962, 329. 340, 353, 393, 399, 474, 
5° 593. 659. 727 

Biddle Co., James G. 230 

Blackman, A. A. 26 

Blankenship, Ralph 330 

Bowman, Rush A. 94, 130, 192, 3843, 668 


Bristol Company 306 

Brown, Fred H. 72 

Brown Instrument Co. 864 

Browning Laboratories, Inc. 814 

Burlington Instrument Co. 44 

Burt, Ransom H. 124, 423 

Cadillac Glass Co. 574 

Cannon Electric Development Co. 48 

Capelle, Ernest A. 526 

Carrier Corp. 459 

Carter Motor Co. 388 

Central Scientific Co. 705 

Chace Co., W. M. 453 

Chapman, Elden G. 67 

Chatillon . Sons, John 453 
Inc, 514, 716 


Clark, H. 

Clark Instrument, 

Clarostat Mfg. Co., Inc. 306, 458 

Cochrane Corporation 49 

Combustion Control Corp. 714, 776 

Communication Measurements Laboratory 
521, 778 

Control Corporation 170, 650 

Conway, Brant 10 


Cramer Co., Inc., R. W. 79, 86, 3883 
Davis Emergency Equipment Co. 288, 241 
Davis, Hugh 198 

Davis. R. L. 142 

ae Div., Motor Products Corp. 
DeJuhasz, Kalman J. 466 


Dennison Engineering Co, 243 

Diehl, Charles E. 122 

Diehl Mfg. Co. 716 

Dietert Co., Harry W. 438, 167, 644 

Dings Magnetic Separator Co. 644 

DuMont Lahs., Allen B. 242 

Struthers-Dunn, Inc. 702 

Durakool, Inc. 48 

Eclipse-P'oneer. Div., Bendiz Aviation 
Corp. 653, 708 

Elberty. Jr.. R. 8. 743 

Electrical Products Corp. " 

Electric Indicator Co. 704 

Electric Products Service 234 

Electric Service Products 384 

Electric Speed Indicator Co, 239 

Electro-Medical Laboratory, Inc. 240 

Electronic Products Co. 166 

Electro Products Laboratories 85, 777 

Emery, A. 

Ereo Radio Laboratories, Inc. 706 

Ewald, Philip R. 474 

Executone, m~ 235 


Faike, Leonard M. 68 
Products Corp. 574, 576, 680, 


Fitness, Raymond J. 
Ford, George R. 423 
Forboro Co. 775 


Franklin Mfg. Co, 5138 
Franklin Mfg Co., A. W. 518 
Garner Co., Fred E. 318 
Gates & Co,, Geo. W. 379 
Geddes, Harry E. 271 
General Controls Co, 716 
General Electric €o. 40, 


81, 84, 88, 90, 

152, 169, 224, 232, 378, 641, 647, 652, 
653. 786 

Genera! Electric Co.. A. & M. Dept. 512 

General Electric Co., Radio, Television & 

General Electric Co., Special Products 
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Machine Produces Glass Bearings for 


Airplane Instruments 


SSENTIAL part of our vast airplane program, mil- 

lions of electrical instruments awaited a substitute for 
the tiny sapphire bearings formerly supplied from fac- 
tories of Switzerland, now blockaded by the Axis. Accord- 
ing to Westinghouse engineers, American ingenuity found 
& way to make these vital instrument jewel bearings of 
glass. At first they were made slowly, by hand, one at a 
time. At best, a worker could make about 1200 a day, of 
which many were imperfect. Now they are turned out by 
automatic machines at the rate of 3500 per day—and one 
girl can tend two machines. This glass-jewel development 
wiped out a threatened war-production bottleneck and— 
according to Westinghouse officials—produced a_ better 
product, For many types of instruments, it is said, engi- 
neers now prefer the glass bearings to those of sapphire. 


Power plant 


M. F. Behar, Editor 
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ASC’s Mobile Instrument Repair Shops 


Owing to the general importance of this exclusive 
article, it does not appear in this “magazine within 
a magazine” but is given the place of honor in this 
issue. See pages 82-83. —MFB 
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The following articles have been contributed 
by the Aircraft Instrument Guild. For fur- 
ther information on any of the subjects dis- 
cussed, write to the Guild at the above address. 


INTERNATIONAL 
HeEapQuarrTers 


Suggested Requirements 
for CAA-rated Mechanics 


PRELIMINARY REPORT 
By R. G. OJERS, Guild President 


UR appeal to all instrument mechanics to send in their 

opinions as to the necessary requirements to become 
licensed as specialists by the Civil Aeronautics Administra- 
tion has brought forth wonderful response from Guild mem- 
bers and non-members, but, considering the great number of 
mechanics reached, either directly or through Instruments, 
I’m afraid many will not be represented. If you have not 
yet written me, please do so after reading this report. 

The following outline is both a digest of the letters re- 
ceived and some opinions of the writer. Please study it then 
submit your suggestions for additions or deletions or any 
changes you would want made. 

The concensus follows the trend originally outlined in 
the November issue of Instruments. The ratings listed are: 

Mechanical (Standard) Instrument Mechanic. 
Gyroscopic Instrument Mechanic. 
Electrical Instrument Mechanic. 
Optical Instrument Mechanic. 
Maintenance Instrument Mechanic. 
. Instructor Instrument Mechanic. 
W. Watchmaker Instrument Mechanic. 

The W rating was suggested by Albert Muller and ten 
other mechanics from a Dallas instrument overhaul shop. 
The writer agrees that the W rating should be given serious 
consideration. An article by the writer will appear in a 
future issue of this magazine, dealing with the necessity of 
accurate time on all transport planes. While this need is 
not so urgent today, in the near future when many more 
planes will be serving the public through cross-country or 


February 1944—I nstruments—Page 97 


IRC WILL BE READY 


WITH 


PRECISION 
WIRE WOUND 
RESISTORS 


WHEN IT’S OVER “OVER THERE” 


IRC will be in a specially favorable posi- 
tion to supply all types of Resistance units 
—of high Quality and in 
large Quantity —and at low 
costs made possible by 
mass production. 





w 


4\3 r Pag, 
*s. 


.y 


\) 
& 
* meat 


INTERNATIONAL RESISTANCE CO. 


401 N. BROAD ST., PHILADELPHIA &, PA. 


1RC makes more types of resistance units, in more shapes, for 


more applications, than any other manufacturer in the world. 

















Successful 


POST-WAR 
DESIGN 


There is no substitute for accuracy. Post-war designs in- 
volving optics depend for success on the accuracy of their 
optical elements. Today, it will pay you to make use of 
Glendale precision optics. We invite your inquiries on 
experimental work, replacements and production. 


@ Prisms ® Mirrors 
@® Lenses ® Shade Glasses 
® Flats ® Reticles 


Optical Units for 


BINOCULARS @ SEXTANTS @ OCTANTS @ TELESCOPES (sighting) 
GYROSCOPES (mechanical) @ DRIFT SIGHTS @ DRIFT METERS 


and many other instruments 


GLENDALE OPTICAL COMPANY 
Makers of Precision Optics 
250 PENNSYLVANIA AVENUE BROOKLYN, N. Y. 
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feeder lines, a different picture will be presented. Let’s look 
to the future. This W rating could be an extension of the 
S rating. 

The M rating drew considerable comment and rightly, too, 
as many good mechanics are in this bracket—in fact their 
career soon ends if they aren’t. good or fail to become good 
quick. Their work is every bit as important in their field 
as the other brackets, considering the importance of their 
knowledge in maintaining quality as well as accuracy, Their 
work should be controlled the same as other ratings. 

The I rating has come up for least discussion. Why? 
Are you satisfied as is? The instrument mechanics I have 
contacted, with Instructor ratings, are of the opinion that 
it should be revised. Instructors with ratings and no other 
knowledge of instruments say they should not be revised. 
Their lament deals with the necessity of being instrument 
mechanics before they could teach, which would require 
attending an instrument school, or years of practical ex- 
perience. But how many of you would allow a surgeon 
to perform an operation on yourself or members of your 
family if he had never actually cut through skin and fiesh 
and expertly worked on the diseased organs—if all the 
knowledge he possessed was obtained from a book? Of 
course, this comparison is rather strained. There are many 
points to be discussed pro and con regarding requirements 
for this bracket. The writer would appreciate comments 
before outlining a too specific program. Some are of the 
opinion that only experienced all-around instrument me 
chanics should be allowed to teach. This is a rule we follow 
at the Spartan School of Aeronautics. It may prove a 
definite handicap to a large majority of schools that do 
not have facilities like ours. On the other hand, it has 
been proven that there are many instrument instructors 
doing a good job in certain subjects, who have never seen 
the inside of an instrument or airplane. 

We are all aware of the fact that an instructor may be 
entirely at a loss for actual experience of overhaul, testing, 
calibrating or installation, but still instruct to a good ad- 
vantage, while an instrument mechanic with a profound 
knowledge and long experience of all the above find it im- 
possible to pass on this knowledge to students so that they 
may have a continuity of training, giving them a basic 
foundation of mechanics. 

No comments have come in on the O, or optical rating. 
While this is definitely in the same category as standard 
instruments, it is the writer’s opinion that it should be 
combined with the S rating only as an extension such as 
S-O. Inasmuch as many instrument shops are not called 
upon to do this type of work, their mechanics would not 
have these units available to obtain the necessary prac- 
tical experience, whereas those shops that do this work 
should allow their mechanics to obtain an extension on their 
S rating. ; 

The E, or Electrical rating should likewise be added to 
both the S (mechanical) rating or the G (Gyroscopic) rat- 
ing, as both combine these two classes of work in many 
instances, creating the necessity or knowledge beyond either 
one or the other. 

Here is a suggestion for the requirements in obtaining 
our ratings in all brackets: Compile a list of possibly two 
to four hundred questions and answers and have them ac- 
cessible to everyone desiring to take the test. Questions 
and answers to be of such a nature that the applicant wil! 
have a fair knowledge of his work after they are learned. 

The theoretical test and practical test will be given in 
the nearest shop complete enough to handle the procedure. 

First the Civil Aeronautics Administration inspector wil! 
give the theory test to the applicant, in the presence of th 
instrument foreman, department head, lead-mechanic or 
some experienced instrument mechanics, preferably one 
with a rating. The inspector would choose questions at 
random as he wishes. These may be written or oral or 
both. The number of questions asked to be decided upon 
by the inspector, foreman or both. After this test has 
been passed sufficiently, a practical test will be given. _ 

The practical test will be in the presence of the Civil 
Aeronautics Administration inspector or the foreman 0 
both. Any instrument (or group of instruments) desig- 
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nated by the inspector, to be completely overhauled, cali- 
brated and tested by the applicant, after which it will be 
run through the various required manufacture tests, then 
disassembled to determine the quality of workmanship as 
well as precision of calibration. 

The E (Electrical) rating test should be given similarly 
by having the applicant answer any number of questions 
to be given from a long list previously publicized. The 
practical test should cover methods of testing circuits for 
shorts, opens, grounds, leaks, or bad connections by testing 
for resistance, loads, scale readings, volts generated, etc. 

The O (Optical) rating test: Similar but given only in 
a shop that has available facilities and units to be worked 
on. In other words, it is a waste of effort to obtain a 
rating of any kind if it is not to be used sufficiently to 
keep the mechanic in practice. 

The M (Maintenance Mechanic) test could follow the 
same trend as the other brackets as far as the answering 
of questions and, for the practical test, assign projects for 
the applicant to perform, such as finding and eliminating 
“trouble” created by the inspector—in the Pitot static in- 
stallation, in the fuel air ratio installation, the vacuum 
installation, ete. Another project could be the construction 
of a sub-panel for the compass and compensating. In fact, 
there are many different projects that could be given to 
verify the applicant’s competence. 

I would like to suggest to Mr. O. E. Patton, Instrument 
Unit, Aircraft Engineering Division, Civil Aeronautics Ad- 
ministration (who has charge of setting up the program of 
licensing instrument mechanics) to call in three or four 
men with long experience for a conference to be held in a 
centrally located city to discuss these various ratings and 
to help him outline the requirements for ratings, that they 
may be most advantageous to all concerned—the instru- 
ment mechanics and operators (airlines, schools and private 
owners), with safety and dependability’ the outstanding 
consideration in all decisions. 

In obtaining a renewal of your rating or ratings, the only 
requirements necessary should be a letter signed by your 
foreman certifying that you have performed work covered 
by your rating or ratings in the last six months prior to 
your application for renewal. If you have been out of in- 
strument work for six months or more prior to application 
for renewal, the complete examination would be taken. If 
a man is discharged from his position for carelessness or 
any reason that may create a doubt in the minds of the 
C.A.A. Inspectors, he would appear before an examining 
board to explain why his ratings should not be cancelled. 

Do not be alarmed by the strictness of this proposed pro- 
gram, as the instrument mechanic without a rating will 
not be hurt in the least. A rating should be an incentive to 
gain additional knowledge, skill and experience in this trade 
that is of such importance to the aeronautical industry. 

Many mechanics that are employed as specialists such 
as bearing and pivot reconditioners, calibrators, inspectors, 
etc., may feel that a program such as this may interfere 
with their position. The lack of a rating will not be grounds 
for discharge. Surely, not for some years. A rating will be 
mainly for the safety of the aeronautical industry and an 
incentive for the mechanic to strive for more knowledge 
that his ability may be recognized, 

More confidence will be created among airplane operators 
when they know a certified Civil Aeronautics Administra- 
tion approved mechanic will either actually do the work 
or supervise, inspect and okay the work performed on their 
instruments. How many of you would be willing to take 
an airplane “ride” with a pilot that does not have his re- 
quired license? While this license does not necessarily make 
him a good flyer or pilot, his having a license proves that 
he had to meet certain requirements in order to obtain one. 
This holds true for the certified instruments mechanic. 

It will be to the benefit of your foreman and employer 
to have as many rated mechanics in your instrument shop 
as possible; you may depend upon his codperation. 

Again let me ask for your comments. Generally speak- 
ing, does this meet with your approval? If not, send in 
your suggested changes, so that the complete résumé may 
be sent to Mr. Patton for his consideration. 


+ + 





ee Wa ee 


* No772 


* This alloy has a thermal 
conductivity less than 50% that of stainless 
steel... less than 10% that of yellow brass 
4 . and only 2% that of copper. Chace 
Manganese Alloy No. 772 offers some very 
decided advantages to manufacturers seek- 
* ing an alloy of low thermal conductivity. 


* This alloy also possesses: 


High Electrical Resistivity 
* (1050 ohms per circular mil foot) 


* High Temperature Coefficient of 


Expansion 
(Twice as great as that of ordinary steel) 


High Vibration Damping Constant 
* (40 times higher than for steel) 


Chace Manganese Alloy No. 772 now 
2 available in: 


SHEETS from .003” up in thickness and from 
* 0625" to 6” wide. 


* 


RODS down to .125” diameter. 
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WIRE down to 16 gauge (.050"). 


* Complete engineering and research facili- * 
ties available . . . “Bulletin No. A-942” 
giving detailed information regarding yy 
“Chace Manganese Alloy No. 772” is 

* yours for the asking. . 


x WM ACGEco * 


¥%& Thermostatic Bimetdls and So ial Alloys 
1609 BEARD AVE + DETROIT 9, MICH. 
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Fuel Mixture Indicators 


By SIMON S. JACKEL, Instructor, Aircraft Instruments, 
Army Air Forces, Eastern Technical Training Command, 
Yale University, New Haven, Conn. 


(Continued) 
Part III—INSTALLATION 


The Analysis Cell is mounted on suitable brackets adjacent 
to the engine. In single-engine airplanes this is usually on 
the engine side of the firewall (not on the cabin side be- 
cause a possible gas leak would be dangerous there). In 
multi-engine airplanes the analysis cell is mounted at some 
suitable place in the nacelle. In any event, the cell location 
should be such that the filter temperature does not exceed 
52°C. (125°F.), and such that neither the cell nor the 
sample line be exposed to freezing temperatures (to prevent 
condensate from forming ice and thus stopping the line). 
In case of extreme heat the cell may be cooled by a blast 
tube, and in case of extreme cold, the filter chamber and 
waste line may require partial insulation. To insure good 
drainage of condensate from the cell, it should be so posi- 
tioned that the inlet pipe points directly upward. The man- 
ufacturer recommends that rubber shock mounts be used; 
it is this writer’s opinion, however, that rigid mounting 
via a steel mounting plate may be used and will give satis- 
factory results. 

The Gas Sampling System. The Inconel sampling nipples 
are placed in the exhaust stack (tail pipe), or in the col- 
lector ring if a stack installation is not possible. Figs. 5, 6, 
and 7 show preferred installations. 

The exhaust stack (tail pipe) installation is preferred 
since a composite sample from all cylinders at uniform pres- 
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Fig. 5. Exhaust Stack Installation. 
(NOTE—Figs. 5-11 incl. courtesy Cambridge Instrument Co.) 


sure is obtained. Where there is an insufficient length of 
tail pipe to accommodate the sampling nipples, the collector 
ring installation will have to be used. Where a ring instal- 
lation is used, care must be exercised, for the effect of cen- 
trifugal force and injector action may cause negative pres- 
sure or reverse flow in certain sections of the ring. 

The nipples are screwed into the threaded flanges which 
are welded to the tail pipe or ring, the inlet nipple being 
turned upstream and the outlet nipple downstream. If the 
tail pipe is sufficiently long, the inlet nipple should be 
placed at least 12” from the outlet of the pipe, for a nipple 
located too close to the end of the tail pipe may receive 
gas diluted by outside air, especially at low engine speeds. 
An inlet nipple located in the collector ring should be so 
placed as to receive a gas sample under positive pressure 
from the greatest possible number of cylinders. An outlet 
nipple in the same installation should be placed where the 
greatest suction is obtained. In the event of an overhead 
stack or ring the installation of the exhaust nipple will have 
to be changed since the condensate cannot be discharged 
from a rising waste line. In such a case, an extension tube 
may be rigged up to carry the exhaust gas to a point out- 
side the cowling. The outlet tip should be cut at an angle 
to provide suction and should be protected against freezing 
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temperatures. If there is any doubt as to whether the sam- 
ple flow is satisfactory, the pressure drop across the analysis 
cell may be checked and should be between %” and 4” 
of water. 

Good drainage of condensate from the gas sampling sys- 
tem is essential to a satisfactory flow of gas through the 
cell. It is necessary therefore to keep the gas at a tempera- 
ture above the dew point in any sections of the line where 
the gas flows upward in order to prevent the line from be- 
coming water-locked and stopping the gas flow. To this 
end, the upward leg of the line should be not more than 
18” in length, and well insulated with asbestos loom or 
tape. On the other hand, to assure the desired water-satu- 
rated gas sample in the cell, it is necessary to have not less 
than four feet of bare tubing between the highest point in 
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Fig. 6. Collector Ring Installation Exhausting Underneath. 


the line and the inlet of the cell for cooling purposes. This 
section of the line may take the form of a coil, but there 
should be no low spots in the coil that could form water 
traps. 

The Indicator Unit, Figs. 3 and 4, should be mounted on 
a shock-mounted instrument panel. The dial should be ver- 
tical and the scale in normal position for reading. 
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Fig. 7. Collector Ring Installation Exhausting Overhead. 








The Electrical Connections should be made in accordance 
with Figs. 8, 9, and 10, for single- or multi-engine installa- 
tions. Extreme care should be exercised in this, and con- 
nections should be thoroughly checked before turning on 
the current. 4 

After completion of the installation, the mechanical and 
electrical zeros are to be adjusted according to directions 
in Part V, Inspection and Maintenance. 
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Part IV—PRECAUTIONS IN USE 

After the foregoing instructions have been carried out, 
he instrument is ready for use and with the engine running 
will correctly indicate the fuel air ratio. The instrument 
will normally show responses to a change in mixture in 
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Cockpit Indicator 


about 30 seconds, and elapse of this time should be allowed 
before taking a reading. 

The current should be left on continuously when the 
plane’s engine is operating. If this precaution is not ob- 
served, carbon may form on the platinum spirals and 
change the resistance of the Wheatstone bridge. 

The instrument may be relied upon for accuracy with 
mixtures leaned out to a maximum of 0.068 fuel-air ratio. 
When leaning out, should the pointer, in approximately 
this range, reverse and move back towards the “A” point, 
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10. Four-engine Fuel-air Mixture Indicator Installation. 
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ccuracy where it counts is main- 
tained in all Trinity Thermocouple 
Wells. We are proud to be able to 
guarantee concentricity of bore in 
solid drilled wells up to 40” long. 
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it is an indication that the mixture is lean beyond the 
range of the instrument, and should be made richer, 

A correct fuel-air ratio indication should not be 
as lessening the importance of the cylinder head tempen 
ature indicator in guarding against overheating the engine 
Even though the engine manufacturer’s recommendation, 
with respect to mixture ratios are being observed, the head 
temperatures should receive the usual close attention, 
Should detonation (incomplete combustion) occur, the 
pointer of the mixture indicator will move erratically 
generally towards the rich end of the scale, and the 
pointer will not indicate a correspondingly leaner mixture 
as the mixture is actually leaned out. 

To facilitate adjustment to the correct mixture for dif. 
ferent values of power developed by the engine, a manifold 
pressure scale is frequently employed in addition to the 
fuel-air ratio scale. In such a case the two scales are corre. 
lated properly in accordance with the recommendations of 
the engine manufacturer. It should be understood that the 
mixture indicator does not measure manifold pressure. The 
manifold pressure scale is used solely for the purpose of 
reference. In use, the operator observes the existing pre. 
sure from the manifold pressure gage and then adjusts the 
mixture to cause the pointer of the fuel mixture indicator 
to move to the corresponding pressure. If the scales are 
properly correlated the optimum fuel-air ratio will be ob 
tained at this setting. In other cases, segmented scales are 
employed, incorporating segments marked “Take Off” 
“Cruise Climb,” “Cruise Level,” etc., placed properly oppo- 
site the fuel-air ratio desired for such operations. Wher 
such correlation data are not available, the fuel-air ratio 
scale only should be used, ignoring the manifold pressure 
scale, and following the engine manufacturer’s recommen- 
dations and general instructions on desired mixtures. 

When carburetor heat is applied, it is necessary to lean 
the mixture in order to restore the former fuel-air ratio, 
Conversely, when the heat is turned off, it is necessary to 
enrich the mixture, making sure that this is accomplished 
before the heater is turned off, to prevent the mixture 
from becoming excessively lean. 

If the engine is equipped with a carburetor that does 
not automatically compensate for variations in atmospheric 
pressure, it is necessary, when descending, to richen the 
mixture gradually. When 500 feet above the airport, the 
mixture should be set at full rich regardless of the typ 
of carburetor. 

If the pointer stays at the center of the scale, near th 
point “A,” with variable positions of the mixture control 
the instrument is defective and should be checked. 


ParT V—INSPECTION AND MAINTENANCE 


It is necessary periodically to perform the service oper 
ations listed below. While it is suggested that this be dom 
every 100 hours, such routine may be adjusted to the regu: 
lar inspection periods of the particular operator. 

1. The sampling nipples and gas lines should be cleanel 
out and joints tightened where necessary. A drill of th 
proper size welded to the end of a length of tachometet 
shaft forms a good clean-out tool. Or, the gas line may 
be removed from the plane and the carbon deposit burnel 
out with a blow torch. This latter procedure will also serv! 
to anneal the line. The inlet and outlet nipples in the e 
haust stack should be checked to make sure that they at 
not cracked or burned off. The tubing should be inspectel 
for cracks or loose connections. 

2. Remove the steel-wool filter, wash with gasoline, the 
with water, and finally shake dry and replace in the filter 
chamber. Make sure that the inlet pipe is not covered whe! 
the wool is replaced. If the filter wool is distorted or dif 
cult to handle, replace with a new filter cartridge. 


8. Test the indicator unit for pointer stiction by notit 
the pointer position with the current off. Then turn 
the current to cause a pointer movement (it may be nece* fj 
sary that there be exhaust gases in the cell to cause thi} 
movement). Turn the current off and note where 4 
pointer comes to rest. The pointer should return to it} 
original position. If it does not, and if the indicated sticti"f} 
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Here’s a versatile unit with many electronic control 
applications... THE KOLLSMAN CIRCUTROL 


3 PHASE. INPUT 
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ACTUAL SIZE 


CIRCUTROL UNIT 


Why-Yo Mok 


iibanchicelaMmileli-m Ge slice) 


Typical of the many special applications for which 
design engineers have found the Kollsman Circutrol 


particularly suited, is phase control of Thyratron type 


units. In this application the unit offers accurate linear 
control, as shown by the above graph. 

When used as a rotatable transformer, the Circutrol 
Unit produces a phase voltage which varies sinusoi- 
dally with the angular position of the 
rotor as shown in the graph at right. 


38sss 


Another advantage of the unit as 
1 rotatable transformer is that it is de- 
signed to withstand continuous rota- 
tion at speeds up to 1800 R.P.M., 
though many applications require 
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nothing more than positioning of the rotor. 

Electrically, the Circutrols are motor-like precision 
units having high impedance two- or three-phase stator 
windings and single-phase rotors, Units are available 
which operate from 32, 115 and 220 volts, 60 cycles, 
and 110 volts, 400 cycles. 

These units | may also be used as single or polyphase 
eee induction regulators, controllable volt- 
age modulators, single or polyphase 
alternators or phase shifters. 

For complete information about the 
Kollsman Circutrol write to Kollsman 
Instrument Division of Square D 
Co., 80-20 45th Ave., Elmhurst, N. Y 


KOLLSMAN AIRCRAFT INSTRUMENTS 


SQUARE J) COMPANY 








ELMHURST, NEW YORK 


GLENDALE, CALIFORNIA 
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DC VOLTAGE CONTROL — 
FOR AIRCRAFT 
INSTRUMENT TESTING 


This portable unit has jacks for input supply 
and output instrument connections, coarse 
and fine adjustment rheostats, voltmeter with 
switch for connecting to input and output as 
desired and main switch for current supply. 
It is made for small currents only, having 
a 1 ampere fuse protection. Write for com- 


plete details. 


Address I - 14 


THE STANDARD 
ELECTRIC TIME CO. 


“Split-Second Veasurement by Standard” 


SPRINGFIELD, MASSACHUSETTS 
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is greater than 0.002 fuel-air ratio, the unit should »¢ re. 
paired at the earliest opportunity. 


4. Wet the wick in the vapor plug (No. 6, Fig. 8 and 9) 


making sure that the breather hole (size 80 drill) in tig 
plug is open, and then replace. Note that the analysis calf] 
used on the X-IV-AS, (Fig. 10) assembly does not mploy § 
a vapor plug and wick, as the comparison spirals areff 
sealed. Disregard maintenance instructions in connection 


with the vapor plug when applied to this type. 


5. Mechanical Zero Adjustment. With the current off, the 


pointer should stand at “A” on the scale. If it does not 


adjust to this position by means of the zero screw on the 


indicator front. 


6. Electrical Zero Adjustment. The- position of the : 


pointer on the electrical zero is the same as on the mechazi- 
cal zero. To check: 

(a) First see that the mechanical zero is properly set 

(b) Wet the wick in the vapor plug (see Paragraph 4 aboy 
Make sure that the pin hole in the plug is open. 

(c) Remove the cover and steel wool from the filter chamber 



















of the analysis cell, and permit to air for about ten minutes. Then § 


place a clean wet rag (slightly wrung out) in the filter chambe; 
in the place of the steel wool, and replace the cover. 


(d) Now, with the current on, allow the instrument to stand ff 


for about 30 minutes. At the end of this time, with the current 
still on, the pointer should stand at “A” on the scale. If it does 
not, adjust to this position by means of the rheostat (No. 3, Figs, 
8, 9, 10) in the analysis cell. The wetted rag should then » 


removed and the steel wool and cover replaced in the filter cham. § 


ber. When replacing the wool, push it in sufficiently to ck 
opening of the inlet pipe. 
Adjustments at Major Overhaul Periods. 

7. Check the current which is regulated by the ballast 
tube in the indicator unit and supplied to the analysis cel! 
bridge, in the following manner: With the units connected, 
insert in series with the current supply lead to the analysis 
cell (No. 4 or “U” on the wiring diagrams) an ammeter 
of 0.1 ohm or less resistance, capable of measuring 18) 
milliamperes to an accuracy of + 0.5%. The battery volt- 
age should be not less than the voltage marked on the indi- 
cator name plate, nor should it exceed the marked voltage 
by more than one volt. The current under these conditions 
should be 180 milliamperes. If it is not, bring it to this 
value by adjusting the slide wire resistor in the indicator 

8. As indicated in paragraph 6 (d) above, a rheostat in 
the analysis cell is employed to balance the bridge. As the 
bridge electrical zero shifts at times and may reach an 
extent of unbalance beyond the range of the rheostat, the 
following treatment should be applied to restore, at least 
partly, the balance. Disconnect all external wires from the 
analysis cell and connect two No. 6 dry cells (3 volts) i 
series across terminals No. 1 and No. 4, or “R” and “U,’ 
and allow the current to flow through the cell for 15 to 2 
seconds. Should the bridge be in balance with the rheostat 
in approximately the center of its travel, this treatmen! 
is unnecessary. 

9. Anneal the copper sampling tube. This may be a 
complished by removing the line from the plane and heat: 
ing with a blow torch. 

10. If desired, the calibration of the analysis cell may » 
checked. This may be done by one of two methods. First 
by employing a Test Outfit, such as the Cambridge Stan¢ 
ard Gas Test Outfit which supplies a gas of known coll 
position: when this gas is passed through the analysis ce! 
a reading is obtained on the indicator unit which can 
checked against the known fuel-air ratio value of th 
standard gas. Second, by comparing the cell under test wi 
another instrument known to be properly calibrated and !! 
good working order: in this method the cells are placed i 
series to receive the same gas sample and checks may 
made at any point in the range merely by varying the 
mixture at the source of supply, which may be any gas” 
line engine. Should either of these tests reveal the calibr® 


tion to be off, adjustment is made by means of the variabl 


slide wire resistor (not the rheostat) in the analysis ce! 
Major repairs should not be attempted unless adequa! 

facilities are available. 

(To be concluded) 
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In chemical industries, synthetic 
rubber plants, oil refineries. ..any 
plant, piping precious or poten- 
tially hazardous fluids. ..a mistake, 
whether unintentional or deliber- 
ate, in adjusting a chemical pipe-line valve can prove both 
dangerous and costly. But prevention of these human errors 
is easy and infallible with BENDIX-CORY* SAFETY INTER- 
LOCKS...the locks that say “No!” to unauthorized 
handling of your valves. 

The BENDIX-CORY SAFETY INTERLOCK illustrated 
gives absolute control over the opening and closing of the 
valve to which it is attached...and, by use of an interlock 
key, can also control the position of this valve in relation 
to any number of other valves. The unit is wholly me- 
chanical, and fully adjustable to compensate for valve wear 
—one of a number of interlocks specially designed for 
valve protection. 

As safety men of the Bendix “Invisible Crew,” 
BENDIX-CORY SAFETY INTERLOCKS are dependable 
guardians for your pipe-lines. Write for full information. 
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*TRADE MARK OF BENDIX AVIATION CORPORATION 


. LMA Led LA 
Products of this division are members of 


“The Invisible Crew’’— precision equipment which 
30 Bendix plants from coast to coast are speed- 
ing to our fighting crews on world battle fronts. 
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Aviation /Coporation 


MARINE DIVISION ~ One Hanson Place, Brooklyn, New York 











February 1944—Instruments—Page 105 














- 





UNLIMITED APPLICATION 


Dillon Dynamometers may be used in scores of mechan- 
ical setups for testing tensile strength of plastics, rope, 
wire, castings, wood products and many other items. 
Direct reading in lbs. Various capacities—low cost. 


COMPACT— ACCURATE 


Measures only 8%”x6%4”"x3”", 
weighs 8 lbs. 4 oz. Not injured 
by overload. Has maximum 
hand and safety glass crystal. 
Immediate shipment all ca- 
pacities up to 20,000 Ibs. 


WRITE DEPT. 8 FOR LITERATURE 


W.C. DILLON & CO., inc. 








5410 W. HARRISON STREET 
CHICAGO, ILLINOIS 


Timelanake)(o Mm ixelatice)aiil-1amny7|ime(o ean 


ANY MAKE WILL DO! 
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cal chorocteri 


AY WE ASSIST YOU? A note to our Engineering Division 
vill bring a quick response with details on units to your) 
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Note on Gyros that Don’t Hol 


Calibration Overnight After Overhay 


By R. G. OJERS, Guild President 


ROM various sources we learn that other instrument 
overhaul departments have encountered the same diff. 










culty as our department: after overhauling a directiongjf 


gyro or a pilot gyro unit and calibrating it to the specific 
tolerance, then checking it again after setting ov: ernight, 
erratic readings in excess of allowable tolerance are found 

Our difficulties were completely eliminated by doing twop 
things. First, using the proper amount of oil in the bearings; 
second, running the directional gyros on the oscillator for af 
least thirty minutes before starting our calibration. 


Tests have proven to us that when excessive oil has been} 
applied to the bearings, the action of the balls cause this ojJf 


to spread out, collecting all the fine particles of dirt in jts 
vicinity and pulling them back again, after which the dirt 
settles to the lowest place in the race. For instance, in the 
bearings of the gimbal ring, the lowest place would be the 
ball path. 

After the instrument has been operating long enough to 
be calibrated, quite a bit of dirt has passed through the ip. 
strument (even though filtered). Upon allowing the instrn- 
ment to remain idle overnight, then checking for calibration, 
we find it to be erratic in readings. We correct for this by 
using the minimum amount of oil to assure us of a complet 
film of oil. Then, as fine particles of dirt collect on the races, 
they remain where they land. 

The purpose of running the instrument on the oscillator 
for thirty minutes or more before attempting to calibrate is 
a form of settling and grinding-in process, It allows the 
bearings to become firmly sealed and set in position, check- 
ing to see if anything works loose or out of alignment. If }! 
does, it will become apparent upon attempting to calibrate. 
Also, any fine particles of dirt collected in the ball path wil 
be ground finer or larger parts pushed aside, or definitely 
implanting themselves in such a way that the bearing wil 
have to be recleaned, all of which we want to find out befor 
the instrument leaves the shop and not after. 





Jaeger Tachometer Creep Tests: Testin: 


for Freedom of Movement 
By FRED E. HONEYCUTT, Aircraft Instrument Guild 


HAT does “the creeps” have to do with the Jaegu 
Tachometer? It is the result of friction due to dra 
or misalignment. At the beginning of the final test w 
place the tachometer on a tachometer tester which has a 
r.p.m. of 100. This is what should happen the instant th 
drive shaft of the instrument makes contact with th 
tester: 
Power from the drive shaft is transmitted to the driv 


gear, from the drive gear to reverse gear, from revel’§ 


gear to commander gear, from commander gear to (Iet’ 
not go up the floating pinion this time) the barre! geai, 
from the barrel gear to the mainspring, from the mall 
spring to cam arbor and escapement wheel, from (let's by: 
pass the drag link) the cam arbor and escapement whee 
to anchor pins, from anchor pins to anchor and pilot fork 
from anchor and pilot fork to roller pin and split colla 
guard, from roller pin and split collar guard to hairspring 
and here the remaining power is exhausted. Any er 


from the barrel gear to the hairspring will throw t® 


movement out of beat. A perfect beat and freedom fro 
drag has to be maintained to pass the “creep” test. 
Back to the test: We have placed the tachometer on ™ 


tester but the beat hasn’t as yet begun. Now the pointe™ 


is creeping around 100, 200, 300, 400. By now, 
tension has built up in the mainspring to overco! 


drag, causing the movement to start and the pointer drop 
back to 100 r.p.m. The beat stops and the pointer is cree? 


ing around 100, 200, 300, 400. The beat begins and 
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Testing 


t This Multi-frequency generator fur- circuits, filters, reeds—and in time meas- 
nishes the frequencies shown above at urement can be minimized with the aid 









ent Guild : : nme 
ae the turn of a switch. All frequencies are of this instrument. 
e Jaeger ° A : 
due to inn obtained from a temperature-compen- Developed primarily to check frequency 
nal test We sated tuning fork and voltage-stabilized meters for precision war work, this 
ee on circuit. Multi-frequency generator possesses a 
t with the With this unit it is possible to calibrate tugged durability and dependability in 
ad oscillators at many selected points with- service that will prove an extra value to 
2 ary ° ° ° 
ae severe out encountering complex oscilloscope many laboratories. 
ar to (let' patterns. One of the uncertainties in- Additional information available on re- 
tg ” volved in development work on tuned quest. 
e mail: 
nee Manufacturer of 
pilot fork 
split collar Ke Se ¢ s 
throw th ' 
edom frat .o 9 
a a = 980 Fifth Avenue INC, New York 19, N. Y. 
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Western Electric 
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Engineered for 
FASTER CONTACT BREAR 


You can now design your product for better Snap Action 
Switches. 

1. Better contact pressure is maintained until the 

snap-action is actually begun. 

2. The contacts break with maximum accelerating force. 
Those two facts account for the rapidly rising preference 
for ACRO-SNAP Switches. The spring forces involved are 
engineered to compel one spring to ‘‘trigger’’ the other. 
So regardless of how slowly the actuating member is oper- 
ated, the contacts break with optimum acceleration. Care- 
ful analysis also shows that good contact pressure is 
maintained until the snap-action suddenly takes place. 
These facts are borne out by laboratory tests in industry 
and by record breaking performance in all branches of 
the Armed Forces. In writing, kindly explain details of 


applications you contemplate. 


ACRO ELECTRIC COMPANY 


1324 Superior Avenue, Cleveland 14, Ohio 
‘ ' 










~¥ 


Midget Sertich 
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| pointer has begun to creep. We first look to ascertain iff 
| an escapement tooth has stopped against an anch 


| pin, which is the case nine times out of ten. This 


| affects the Jaeger Tachometer. 


| point out the possible errors that would cause the 


| the cam arbor assembly. Second, the roller pin a 


anchor pins. Fourth, burred escapement teeth. Fifth, yp. 
| centralized hairspring. Sixth, too much tension on drag 
| link spring not permitting the cam arbor to turn with 
ease. There are other errors but the above-mentioned a; 
the most frequent. 
While the instrument is out of the case, we wil! place 





pointer drops back to 100. That is the way “the eeps” 


Let us remove the instrument from the case while y, 
to creep. First, not enough freedom in bearings a1 
of the balance wheel assembly, the anchor assem)|y andE 
L split 
worn 


Lsteyawe 


collar guard not in alignment with anchor. Thir 


it again on the tachometer tester at an‘ r.p.m. of 190. Th 


Yr ping 
We now find a tooth has stopped against the left anchorj 
means 
the roller pin is too far to the left. If a tooth were to stop} 


. 
: 
; 


| by the anchor pin at the right, the roller pin would be too} 


far to the right. To shift the roller pin to the proper posi-| 
tion, you can hold the hairspring collet with a pair of pliers] 
and, with thumb and finger on balance wheel, turn thef 


| shaft the desired direction. 


The pointer may creep just to 200 or it may creep as 


| high as 2000 before the mainspring has built up enough f 


| power to overcome the error. 


| 
| 


The height the pointer creepsff 
depends on the extent of error. No creep is permissible! 
More tests for the Jaeger Tachometer will follow in this 


| magazine. 





END OF AIRCRAFT INSTRUMENT GUILD SECTION 





WORK! FIGHT! GIVE! 
MAKE DEMOCRACY LIVE! 











KRON 


Announces 


ELECTRO- 
MAGNETIC 
POINTER 





For Industrial 
DIAL SCALES 
and precision force 
INSTRUMENTS 


Can be attached to the 
weigh pointer or de 
tached and held statior 
ary at any instant during 
a weighing operation, & 
force measurement with 
out affecting the sce 
racy of the scale instr 
ment, 

Can be operate 
manually er by remot 
timer or switch gear. 

Permits accurate "ratt 
of flow” indication fo 
timed intervals. It is * 
perfect automatic tert 
device for barrel, bor? 
bag filling. It is invale 
able for mixing chem 
cals or fluids. 


KRON INDUSTRIAL | 
DIAL SCALES 
“Engineered for ihe Jo 


The KRON Co 
Bridgeport 5, Von 





“Magna-Pointer” held 
at zero before timing 
interval 

















“Magna-Pointer” en- 
goges and moves with 
weigh pointer during 
interval. 






“Magna-Pointer” in- 
stantly stalls at end of 
timed interval. 
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‘the creepy” 


se while we 
the pointe 
5 anc pivotsi 
ssembly andl 


in and splith 
Third, worn 
° Fifth, un-E 
on on dragi 
> turn with 
entioned ard 





€ will place 
of 100. The onaieaies 
ascertain iff yaa 
anchor ping 
left anchorp 
This meansh 
vere to stop 
hs EVERY DAY we are shipping these precision pres- 
air of pliers sure gauges to be used in place of dead weight 
*l, turn thef® testers. They are accurate, dependable and easy 


™ to read. Delivery—2 to 6 weeks. 
ay creep as 


up enough 
inter creeps RANGE FROM 0-60 Ibs. to 0-10,000 Ibs 
missible! 12” Dial 
low in this 16” Dial 











|) SECTION 
JE! IN COLLABORATION WITH THE A. EMERY COMPANY i 
| , 
/E @ And that’s no figure of speech. As an absolute 
00, / matter of cold fact, millions of Aerovox paper 
O N It AY OR POST-WAR : tubular capacitors are now in daily use. They 
* : . are serving in countless radio sets... in instru- 
ounces a = a ; ments ... in electronic assemblies . . . in elec- 


RO- a  .. gt e trical appliances: day after day; year in and 
NETIC a,” yg q ti = year out: making things last and last in keeping 
OINTER - a ba with the wartime economy. 


idustrial 


SCALES They cost relatively little, these Aerovox paper 


ision foree tubulars. Yet they are made with scrupulous 
UMENTS care and great skill. Finally, each and every one 


ached to the fe ages lo Measure Vatuahte of them is individually tested. Nothing is left 


nter or de to chance. 


held station 
instant during 
operation, o ° ° . 
noah alll Wi, Ghyes @ When you require long-lasting capacity at low 
ape “THEYRE ALWAYS DEPENDABLE’ cost, just remember Aerovox paper tubulars. 


Refer to our catalog for your capacitance needs. 


100% automatic. 
- operated /o Copy on request. 


+ tay condi No pumps, valves, or auxiliary units 
itch goat. needed to read them. 

sen t Models available for either remote 
vals. It is! or direct readings. E R OMTLOD A 
vation Accuracy unaffected by specific 

parre|, Dor 

At is invel gravity of tank liquid. 

oe on Approved by Underwriters’ Labora- 

DUSTRIAL tories for gauging hazardous liquids. a 

SCALES Write for complete details. et 


for ive 10 rb et 
20K HE Byave | DO BA ETER fove)-1 2) im AEROVOX CORPORATION, NEW BEDFORD, MASS. U. S 
+ 5, Conn sone \ SEE : Export: 100 Varick St.,N.Y.C. + Cable: ‘ARLAB’ « in Canada: AEROVOX CANADA LTO., Hamuton, Ont 


Weegee? SKILLMAN AVE LONG ISLAND CITY, N. Y 
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The Mark of 
Effective Control 


Process Control for sensitive, stable 
automatic control of temperature, 
pressure, liquid level,flow and other 
factors as applied to industria! 
processes. Responds to changes 
quickly,without overtravel or hunt- 
ing. Ask for Bulletin No. 101. 


Combustion Control that is simple 
but complete for providing econom- 
ical operation 
of boilers of 
200 h. p. and 
lerger. Details 
in Bulletin 
No. 102. 


Boiler Meters 
for recording 





combustion 


Recorder-Controller 


conditions and 
guiding boiler operators. Described 
in Bulletin No. 44. 


Mullti-Pointer Gages for indicating 
factors such as draft, pressure, tem- 
perature and speed. 
These Gages are avail- 
able with any number 
of pointers and any 
scale combination; in 
either the oil sealed 
bell or diaphragm con- 


struction. 


Flow Meters for indi- 
cating, recording and 





integrating the flow of 


Control Drive 


steam, water, sewage, 
air, gas and other fluids. Bulletins 
No. 39 and 300. 


Recorders for pressure, temper- 
ature, drafts, liquid level and other 
factors. 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio | 
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21/,-ton Granite Surface Plate 


Newest addition to maker’s line of sur- 
face plates (see Instruments, Oct. 1943, 
page 645) is this 5000-lb. giant, which 
measures 4’ X 6’, A special steel angle iron 





wheel carriage facilitates ease of handling 
and makes the plate readily available for 
service in any part of the plant. Both this 
plate and the even larger 6’ X 8’ size may 
be finished to an accuracy of 0.0003”, while 
the standard smaller sizes are held to an 
accuracy of 0.0001”. Being harder than the 
hardest tools, as well as rust-proof and 
warp-proof, this huge granite surface plate 
is practically indestructible. Herman Stone 
Co., 224 Harries Bldg., Dayton 2, Ohio. 





Aircraft Instrument Suction and 
Air Pressure Systems 


New suction and air pressure system for 
aircraft instruments conforms to H-1 speci- 
fications, consists of maker’s “Type 764-6” 
engine-driven air pump, pressure safety 
valve, oil separator and a throttling un- 





loading valve, provides 30 cf.m. at 2,250 
pump shaft r.p.m. 6” Hg suction for gyro- 
scopically operated flight instruments, as 
well as air pressure for operation of large 
de-icer systems. Throttling unloading valve 
maintains constant suction for instrument 
operation and unloads air pump when pres- 
sure differential between pressurized cabin 
atmosphere is sufficient to operate instru- 
ments. Engine-driven air pump weighing 
11 lbs. incorporates overload protection, a 
removable flexible-drive coupling for tor- 
sional flexibility, ‘“nitri-cast iron’ pump 
liner and improved through type _ inter- 
locking vanes. Light-weight inherently-bal- 
anced precision-machined rotor assures 
smooth operation at high speeds. In addi- 
tion to the H-1 system, manufacturer has 
developed systems conforming to B-8A and 
B-11A specifications. Sea level ratings of 
the three systems are follows: B-8A: 
15 e.f.m. at 2,250 r.p.m. 4” Hg suction, 16” 
Hg pressure; B-11A: 4% ec.f.m. at 1,500 
r.p.m,. 4” Hg suction, 1” Hg pressure; H-1: 
30 «.f.m. at 2,250 r.p.m. 6” Hg suction, 16” 
Hg pressure.—Eclipse-Pioneer Div., Bendix 
Aviation Corp., Teterboro, N. J. 


as 






Extreme-precision Barometer 






New “Barometer B-101" is latest of 
maker’s series of null-method ssure- 
instruments. For initial announcement of 


method see Instruments, Vol. 1, A 1928 


















elf 
ansfe 
roug 
ig ac 
ge 
grat 
y of 
—— H” it 


detailed technical discus 








for 


pages 381-2; 

sion see Instruments, Vol. 4, March 193] 
pages 160-162. Even early models, sixteen 
years ago, were sensitive to changes of al- 
titude of two or three inches (0.090010 or 
0.000015 inches of mercury). At first, ac 
curacy did not match this extreme sensi- 
tivity. Kinematic and metallurgical develop- 
ments to eliminate causes of drift, to 
compensate for temrerature, ete., have 


resulted in satisfactorily stable instruments 
accepted as standards by scientific institu. 
tions. New “B-101” embodies these 
ments while also being designed for quick 
readings. Dial is 10” in diameter, range 
21” to 31” mercury in two revolution: 
(seale length therefore exceeding five feet) 
Scale divisions are 0.01” of mercury. Cas 
flange diameter, 11%4”; case depth 3" 
weight 5% Ibs.—American Paulin System, 
1847 S. Flower St., Los Angeles, Calif. 


Midget Switch 


New ‘“Acro-Snap Midget Switch” built on 


refine- 








the rolling spring principle is 1%” long. 
9/16” wide, 7/16” thick, weighs less than 
1 oz. All component parts are non-core 


sive. Switch is designed for actuation from 


PIN PLUNGER 





either top or bottom, is applicable to ele 
tronic control devices, machine tools, alt 
craft and electrical appliances. It is sal 
to be “fully approved” having stood winter 
ization tests under Army Air Force Direc 
tive 21A, including salt spray tesis am ai 
both high and low temperature tests. Bot! pe ai 
snap-action spring and center blade 3 1 
made of beryllium, while the base |S 
Bakelite. Under factory tests the switch h® 
shown no failure after 94 million 
tions. When built into relays, smaller ©0* s 















may be used as only 4 to 6 oz. operatiné 
pressure is required. Furnished in sins® a 
pole normally open, normally clos: ane € 
double-throw with both pre-travel an a 


travel provided.—Acro Electric C: 
Superior Ave., Cleveland 14, Ohio. 






hical discus- 


Thread-lead Gage 

Model 1141” thread-lead inspection 
ijustable both for thread lead and 
Sensitive contact point is free to 
ally with axis of thread and so 
positively between sides of thread 


elf. This contact is so mounted that it 
ansfers its motion to the dial indicator 
rough a sensitive mechanism, thus insur- 
g accuracy of the inspection operation. 
age is set with a master. Dial indicator 
graduated to read in 0.0001” and capac- 
, of gage will take care of threads up to 
u.” in diameter, a maximum distance be- 
een points of 2-11/16” and a minimum 
stance of 3/16”. With a special attach- 





March 1931 

ee sixteen nt a minimum distance of 0.156” can be 

anges of al- ecked.— Federal Products Corp., 1144 

(0.090010 or Eddy St., Providence 1, R. I. 

At first, ac 

cal clevelon. fa Self-balancing Potentiometer 

f drift, to New “Model 431 Pyromaster Self-balanc- 
etc., have g Potentiometer” has a universal wall or 
instruments sh mounting case considerably deeper 
tific institu. an previous “Model 440M,” and has an 

hese _refine- ternal hinged panel on which are mounted 

d for quick n and indicator drive mechanism, and, 


eter, Tr 


‘ange ease of electric controllers, control con- 


revolutions 
g five feet) 


reury. 
lepth 3 


Case 
1 ” 
4 


lin. System, 


3, Calif. 


ch” built on 


1%” 
is less 


long, 
than 


non-core 
uation from 


IGER 


ble to 
» tools, 
It is 
tood wi 
force D 
tests 
test 


blade are 


bas¢ 
> switcl 
lion 
mal! 
Zz. O} 

1 in 
clos: 
el an 

» OK 
io. 


elec 
alr 
said 
nter 
iret ts or proportioning slide wire or, in case 
ind air control, complete new convertible- 
pe air operated control mechanism, (De- 
led description of orig. “Pyromaster” 
1 5 figures, Instruments, July 1937, p. 
humerous add’l items since.) New 
se and inner panel make it possible 
vice or replace any part or portion of 
trument without disturbing any other 
t also makes it possible, in the case 
ric type controllers, to include the 
over it relays in the instrument, thus elimi- 
13% considerable external wiring. A 
luty pen-drive motor gives more 


| 





JAMES G. BIDDLE CO. - 


THE NEW...U. S.-MADE 
“MEGGER’ INSULATION 
TESTER 


in plastic molded case; 
with the heritage of rug- 
gedness and accuracy com- 
mon to all instruments 
bearing the trade mark 
name “Megger” ... Write 
for new descriptive Bulletin 
1735-I. 


These three “Megger” testers were on board 
the former liner Normandie when she capsized, 
were recovered after several months and sent 
to our Repair Department for whatever could 
be done with them. Although waterlogged and 
badly corroded, as shown here, we found they 
could still be salvaged. They were repaired, 
rebuilt and returned to service, practically 
equal to new, within three weeks’ time—a 
tribute both to the inherent quality of “Meg- 
ger” instruments and the craftsmanship of 
Biddle instrument makers. 


For many years we have maintained an In- 
strument Repair Department for servicing, 
repairing and rebuilding “Megger” Insulation 
Testing Instruments, Tachometers, Frequency 
Meters and other specialties. Today this well- 
equipped and busy department is not only 
servicing equipment we have supplied, but 
also other types and makes of instruments. 


Perhaps you have instruments lying idle that 
need only expert repairing to return them to 
service. If you are faced with difficulty and de- 
lay in procuring replacements, our Repair 
Department may be able to help you. 


1211-13 ARCH STREET 
PHILADELPHIA 7, PA. 
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The Permometal* tip of all PER- 
MOPIVOTS* is your guarantee 
of longer life and greater accuracy 

for precision instruments. PERMO- 

PIVOTS retain their satin smoothness 
and low coefficient of friction many times 

longer than ordinary pivots. They cannot 

corrode...require no oil...are non-magnetic. 


WRITE TODAY FOR COMPLETE INFORMATION 














PERMO, Incorporated 


6423 RAVENSWOOD AVENUE + CHICAGO 26, ILLINOIS 

























With a MODEL J 


HAND TACHOMETER 


Triple Range: 
300— 1200 RPM 
1000— 4000 RPM 
3000—12000 RPM 
Rugged © Reliable * Continuously Indicating Type 
WRITE FOR BULLETIN #760 















HERMAN H. STICHT CO., INC. 


27 PARK PLACE NEW YORK, N.Y. 
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torque for operating control cont 
other similar functions, especia) 
conditions of poor line voltage 1 
Indicating scale on the indicating- ordingmmm« 
model has been changed to a } zonta 

wide band instead of the rectang 


S and 
UNdey| 
lation 





ir dialk ul 
type provided on ‘Model 440M.” ana 1 ‘ 
relays and slide wire in the pote iometefmion Vv 
circuit have been enclosed in a dust-prog 
Bakelite housing, and a heavier power sup 


ply has been provided. Another change ; 
that a standard cell type of manual stanq 
ardizing circuit now replaces the \ sItmete 
type originally supplied. New “Model 43 
Pyromaster” uses the same basic princip) 
as previous models, providing a self-hg) 
ancing round-chart recording potentiomete 
that has no continuously moving mechan 
ical elements, is unaffected by vibration 
and needs no lubrication.—The Bristol Com 
pany, Waterbury 91, Conn. 
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* 
Piloted Cylindrical Plug Gage f:. is 


is 

New piloted cylindrical plug gage is saig@mmniaue! 
to be particularly adapted to gaging holegmment ! 
which must be held to close tolerances and 
also to gaging on machines where pieceggm00 kc 
to be checked cannot be removed. It lessenammctual 
mnultip! 

milie: 


% 


eading 


ource 

00-200 
roltage 
inuous 
Wher 


om 0 


use pr 
Bie 
proper! 
Tronics 
Tork ¢ 





Min 





difficulty of entering a cylindrical plug gage _o 
into a bore when working to close tolerance r 
Ordinary plug gage is liable to jam or New 
stick and removal of jammed gage is often to pr 


a long and arduous job, sometimes leading Hecords 


to serious damage to gage or work. Design nd a 





of piloted plug gage speeds up gage’s entry lake 2 
into holes, even while hole is only 0.0001’ rd lar 
over plug size, eliminates feeling or steel Biimao, 
ing and is said to make it “possible for 

even an unskilled operator to use gage with 
excellent results.’”’ Reason is that pilot aligns 

gage with axis of hole to be gaged. It 8 

said that new gage “will more than double 

the number of holes that can be gaged by me 


an unpiloted gage.” New piloted cylindrical 
plug gage is made in two types, one fo 
gaging open bores and one for blind bores 
—Vard Inc., 2961 East Colorado Blvé 
Pasadena 8, Calif. 


Cement for Glass Instrument Ti 
Windows 


a 
Glass instrument windows have 0 
been puttied in—like panes in a sash. It! 
a laborious hand operation and much tim 
is consumed in removing the putty smeai 
from the glass. New synthetic cement- 
the fruit of extensive research—seals th 
glass to the plastic instrument case ff 
tighter than any putty. A simple aul 
matic machine applies a narrow band “ 
the cement and the glass is pressed in 
place. Cement sets quickly in a 1 tage” 
perature oven and glass cleaning |S * 
longer necessary. — Westinghouse lec. ¢ * - 


Mfg. Co., East Pittsburgh, Pa. 
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Square-wave Generator 


designed for 


ot found 
s,” namely 


vision for external synchronizing volt- 
ge is not a feature of any single make; 
mniqueness consists in “facility.’’"] Instru- 
vent has a hand-calibrated frequency scale 
eading from below 10 cycles to more than 
00 Decade multiplier has four steps. 
ctual frequency of output is dial reading 
wuitiplied by setting of frequency multi- 
blier. Accuracy of frequency calibration is 
% over extended periods. In cases where 
brreat accuracy of frequency is desired, in- 
trument can be made to synchronize with 
ny standard frequency generator, provided 
hat synchronizing voltage of at least 0.1 
rolt available. Synchronization can also 
Me made with any other external frequency 
ource. Output impedances available are 
00-200-500-600-1,000-2,000 ohms. Output 
roltage may be varied in fixed steps, or con- 


: 
; 
i 
: 





ke 
nC, 





is 


inuously by means of voltage divider. 
Vhen latter is used, output impedance is 
rom 0 to 2,000 ohms. If output voltage is 
raried in steps, output impedance is indi- 
ited by the output voltage selector set- 


Maximum voltage output is approx. 
volts. Power supply is designed to oper- 
te on 110-120-volts 60-cycle a.c. (It is also 
vailable for other voltages or line fre- 
huency.) Power consumption is 30 watts, 
use protection, 1 amp. Dimensions 8” x 9” 
x15”; weight 18 lbs. Prompt delivery on 
Properly certified orders. Reiner Flec- 
ronics Co., 152-6 West Street, New 
fork City. 


ing 


00 


25th 


Miniature-film Type Industrial 
X-ray Inspection Equipment 


New industrial radiograph equipment fits 
to production line, provides photographic 
ecords “for a nickel instead of a dollar 
nd a half,” uses a high-speed camera to 
lake 2” film negatives (instead of stand- 
rd larger sizes up to 14” X17”) of any 
mage cast foot-square fluorescent 


upon a 


X-RAY TUBE 









STATIONARY 
RAY-PROOF ENCLOSURE 


MOVABLE 
WY-PROOF ENCLOSURE 





SUPPORTING STRUCTURE 
-RAYED PARTS 
Nu——— FLUORESCENT SCREEW 


senate LEAD GLASS 


p———— BASE HOUSING 














{ 2 aya LENS 
cr CAMERA & 
Fim REELS 


“Model 530” Square Wave Genera- 
production testing. It 
orates what is claimed to be “a fea- 
in other square-wave gen- 
“facility of synchroniza- 
with any external frequency source.” 












Get MORE Advantages 
with “COPROX” Rectifiers 





































@ Bradley's copper oxide (*Coprox”’) recti- 


fiers have high leakage resistance, com- 
bined with LOW forward resistance. 

@ Gold contacts on ‘“Coprox’’ pellets combat 
aging. 


@ Meticulous testing procedures’ and rigid 
standards insure excellent stability. All 
“Coprox” ratings are conservative. 

@ Even standard “Coprox’’ mountings are 
very adaptable. 




























“Coprox” rectifiers are supplied with pre- 
soldered lead wires, or with 
having special provisions to prevent over- 
heating during soldering. 





terminals 


























In ““Coprox’’ rectifiers Bradley has incorporated the very latest technical advances. Extensive 
application experience, and knowledge of circuit design and manufacturing problems, have 
prepared Bradley to accept AND MEET unusual specifications for ““Coprox’’ rectifiers. So write 
Bradley for more data and help on rectification problems. 




































“Coprox”” BX-22.3 

Double bridge rectifier with 
current and temperature-cur- 
rent characteristics balanced 
to better than 1% over a 
range of —40°C to +70°C 
Rated up to 4.5 volts A.C., 
3 volts D.C., 5 milliamperes 
D.C. 

















““Coprox’’ BX-100 

Center tap, full wave rectifier. 
Completely enclosed in Bake- 
lite. Low capacitance. Recti- 
hes high frequency current 
Rated up to 4.5 volts A.C., 
3.0 voles D.C., 500 micro- 
amperes D.C. 






















“Coprox”” BX-29.5 

Single half-wave rectifier rat- 
ed up to 4.5 volts A.C., 3.0 
volts D.C., 2.5 milliamperes 
BC. 










“Coprox”” BX-99.9 
Full wave rectifier rated up 
to 4.5 volts A.C., 3.0 volts 
D.C., 5 milliamperes D.C 










*““Coprox”’ BX-29.4 

Double half-wave ‘ rectifier 
rated up to 4.5 volts A.C., 
3.0 voles D.C., 2.5 milli- 
amperes D.C. 















Luxtron* photo-electric cells are another Bradley achievement. 


Write Bradley for complete technical data. 
*Trade Mark Reg, U.S. Pat Off 





















LABORATORIES, INC. 
82 Meadow Street, New Haven 10, Conn. 
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THE MODEL 610-B 


*NO HAND CRANKING—The 500 VOLT 
POTENTIAL is made instantly available 
by simply throwing a front panel tog- 
gle switch. 

*DIRECT READING — All calibrations 
printed in large, easy-to-read type en- 
abling exact determination of leakages 
from 0 to 200 Megohms. In addition, 
the Megohm scale is also sub-divided 
into BAD (0 to 1 Megohm) DOUBT- 
FUL (1 to 8 Megohms) GOOD (3 to 
200 Megohms) sections. The BAD Sec- 
tion which indicates the danger point 


Dept. IN, 227 Fulton Street 








Model 610-B comes housed in a beautiful, hand-rubbed Oak cab‘net 
complete with cover, self-contained batteries, test leads and instruc- 
tions. Size 94%” x 8144” x 6”. Shipping weight 16 pounds. Price... 


SUPERIOR INSTRUMENTS COMPANY 


METER 


A New 
Battery Operated 


INSULATION 
TESTER!! 


Instantly measures the 
exact leakage of all in- 
sulation up to— 


200 MEGOHMS 


At a test potential of 


500 VOLTS D. C. 


Supplied by a built-in 
battery and vibrator 
power supply. 


SPECIFICATIONS: 


is printed in red, 

*3 RANGES: 0 - 20,000 Ohms, 0-2 Meg- 
ohms and 0-200 Megohms, 

*The instrument is housed in a heavy- 
duty Oak portable cabinet. 

*Panel is of solid bakelite engraved by 
the new “cut-in” process which elimi- 
nates possibility of letters being 
scratched off. 

*Meter movement—a 4%” 0 to 200 Mi- 
croampere sensitive meter guarantees 
extremely accurate readings on all 


$62-5°0 


New York 7, New York 











PORTABLE 


WHEATSTONE BRIDGE 





A high grade instrument for measuring re- 
sistances from a fraction of an ohm to 10 
megohms. Contains a 4-dial rheostat, ratio 
dial, galvanometer and battery, all enclosed 
in a substantial walnut case. Nine coils per 
dial. Accuracy .1%. Built to endure. 


Cat. No. 1050—Portable Wheatstone Bridge 
with Murray and Varley Loops. . .$110.00 


Cat. No. 1052—Portable Wheatstone Bridge 
without Murray and Varley Loops $90.00 


Send for Bulletin Ne. 105 


RUBICON COMPANY 


Electrical Instrument Makers 


Ridge Ave. at 35th St. Philadelphia, Pa. 





MINERALIGHT 
Ultraviolet 
Black Light Lamps 


a 





For Mineralogy and Metallurgy 
Chemistry and Pharmacy 
Museums and Libraries 

and many other applications in 

Science and Industry 


Great variety of models 
Prices from $24.75 up 


Write for 16-page 4-color catalog 


PHOTOVOLT CORP. 


95 Madison Ave. New York (6, N.Y. 
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screen. About 300 exposures can | 
on a single 50-foot continuous rol! 
In order to adapt the unit to p 
lines without endangering person: 
in two sections, designed so that n 
lead-lined surroundings are needed 
cooled X-ray tube is contained 
head which is automatically control! 
head must telescope and fit exa: 
the lower section before an expo 
be made. Manufacturer’s announce) 
phasizes that industrial radiograp!} 
ment of this type, although limite 
tain varieties and sizes of produ 
particular importance at this ti 
signers are stripping models of ey 
that does not contribute to strer 
function. This makes it all the mor ys 
sary that flaws be détected early manygmed t 
facturing.—Westinghouse Elec. & Mfg. (o 
East Pittsburgh, Pa. 













Coil-winding and R-f. Resonane 


Calculator 


New slide-rule type rapid calculator pen 
mits quick and accurate determination 
inductance, capacitance, and frequency com 
ponents of series or parallel tuned r-f, cin 












E<08e° --0n 








































cuits as well as inductance, turns-per-ine 
wire type, wire size, coil diameter and co 
length for single layer-wound solonoid typ 
r-f. coils. All values, in either case, an 
found with .a single setting of the slide and 
are accurate to within approximately 1% 
for coils ranging from 1%” to 5%” in diam 
eter and 4” to 10” in length. All possibi 
combinations within these limits are shown 
Wire types and sizes include 11 to 35-gagé 
plain enamel, 11 to 36-gage S.S.C., DSC, 
and S.C.C., and 12 to 36 gage D.C.C. Th 
rule is also engineered to indicate: turns 
per-inch from 10 to 160; inductance fro 
0.1 to 15 microhenrys; capacitance fro 
8 to 1.000 uwufd; frequencies from 400 kc. t 
150 Mc. with equivalent wavelengths 1 
meters.—Allied Radio Corp., 833 West Jack 
son Blvd., Chicago 7, Ill. 










Slide Chart for Shop 


Measurements 


Front side of new Elemoto Slide C 
Fig. 1, shows U. S. Standard dimension 
coarse and fine thread series. When ti 
slide inside the housing is moved t 
right or left, the standard dimens 
each size from #0 to 114” are placed at ti 
windows in the blueprint dimension dra¥gjmsed vy 













ings. All required dimensions l 
threads per inch, major and min diam 
eters, head sizes, etc., are instantly 
tained with one reading. Data were 
tained from U. S. Gov’t publication Sere 
Thread Standards for Federal Service 
For convenience, this side of the slide how 
ing also carries decimal equivalents of fr 
tion and a table of U. S. Standar’ Gat 










S can 
us roll 
- to p 
person: 
that n 
needed 
lined 
control] 
t exacily 
| expos 
ouncen 
»Sraphi 
limite 
produ 
his time, De Steel Sheets. Reverse side, Fig. 2, is 
of ey ed to obtain dimensions for U. S, Stand- 
oO strer i (and other commercial sizes) Woodruff 
he mor PYS wer section of the slide cnart is 
early it ed to determine dimensions for American 
ic. & M andard Pipe Threads. Housing on this 
fe also carries a table for changing milli- 
eters to inches and a table of Twist Drill 
hd Steel Wire Gages. This slide chart is 
w, not comparable with the one brought 
Resonance t last year. New features are two color 
de; water resistant and washable sur- 
ce; improved and more durable construc- 
calculator peympn; data revised to correspond with latest 
termination ggpvernment publications.—The Elemoto Sales 
requency com™e., Teaneck, N. J. 
tuned r-f, cin 


Ea D-c. Voltage Standard Supply 


New “Model BX-10048 D-c. Voltage 
andard Supply” is a self-contained panel 
it developed to give, from any a-c. 60- 
rele source, a highly filtered d-c. supply 
dan accurate standard for those who 

engaged in testing, calibrating and 
rvicing d-c. voltmeters and®* low-range 








Urns-per-incl 
neter and co 
solonoid typ 
her case, an 
' the slide and 
ximately 1% 
514” in diam 
1. All possiblg 


Its are shown V N 

oe nee HEN your AIR EXPRESS shipments are ready, reach for the 
e ge W phox. Don’t wait for “routine” afternoon pickups. 
licate: turn Pack as early in the day as possible and sHiP WHEN READY! 
a ie That’s the way to get the full benefit from Ain EXPRESS service. 
om 400 ke. ti It avoids end-of-the-day congestion when Airline traffic is at 
velengths i its peak. Your shipments move faster, are delivered faster. 


_— And to cut costs — AIR EXPRESS shipments should 
be packed compactly but securely, to obtain the best 
ratio of size to weight. 


hop 


J 
Slide Chart 


imensions fo 


illiammeters. Indicator mounted on panel 
dicates voltage of supply selections with 
anges as follows: 0 to 50 millivolts, 0 to 


A Money-Saving, High-Speed Tool 


volts, 0 te 50 volts, 0 to 250 volts, 0 to ° 
When th@@§00 volts, 0 to 200 milliamperes. Unit is For Every Business 
10ved to tM@Rquipped with three controls so that voltage 
mensions fi™election is sensitive at all ranges; and with 
placed at two sets of jacks so that panel may be As a result of increased efficiency developed to meet wartime demands, rates 


ension dravgj@sed with another d-c. standard and any have recently been reduced. Shippers nationwide are now saving an average 
struments to be tested or calibrated. What f han 10% Air Express charves. And Air Expre hedules are based 
said to be a unique feature is incorpo- oO more than i on: oF Ss] ess € arges. J r Exp ess scl lules ar 
ated in this panel for protection of indi- on “hours not days and weeks — with -mile-a-minute service direct to hundreds 
mor. Selection of ranges is made by plug of U.S. cities and scores of foreign countries. 
Ack selection so that range multipliers are ‘ 
lected as ranges are selected, making it WRITE TODAY for “Vision Unlimited” —an informative booklet that will 
Mposs > ; , s elec " ° . - ‘ - > 
Ente for errors in voltage selection stimulate the thinking of every executive. Dept. PR-2, Railway Express Agency, 
D damage the standard. Indicator includes oon D fort 17 NY : ; . 7 4 
hand-calibrated dial with mirror scales 230 Park Avenue, New York 17, N. Y. 
th accuracies of 0.5%. Pilot light pre- 
ents power being left on when not in use. 


r 


€w panel is said to do away with main- 


enance problems that go with the use of 

patteries. Panel is of 4%” Bakelite. 14” high 

%” wide. It is encraved with most of 

nin erating Instructions. Case is heavy 

stanth with baked crackle finish. All acces- 

a were 6 ‘eS on ranel are removable. Tests have 

ion, “‘Scretae OW" that-ripple of rectification is practi- 

1 Service’ nil and that any difference In volt- 

» slide hou “'°" readines between this power supply 
ants of frag S‘valeht 4-c. voltae is not noticeable.— Phone RAILWAY EXPRESS AGENCY, AIR EXPRESS DIVISION 

dard Ga immett Electric Mfq. Co., 2558 McGee 


ay, Kansas City 8, Mo. Representing the AIRLINES of the United States 
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Hathaway 
Comparator 


Superior to all types of 
mechanical and simple 
electric gages for pro- 
duction inspections. 


Culmination of years of 
experience in compara- 
tor instrument design. 





Multi-Range Sensitivity: Turning a knob thru three positive 
ranges (staging the magnification with electronic tubes) permits 
measurements from “shop thousandths” to millionths of an inch. 


Fixed Nominal Zero: Adjustable simply by turning a knob. This 
does not effect sensitivity—nor does sensitivity adjustment effect 


zero. 
Unlimited Life: No bearings or sliding parts subject to wear. 


Operated from any 115-volt 60-cycle socket. Is compensated for 
voltage and frequency variations. Maintains calibration and zero 





over long periods of time. 


WRITE TODAY FOR Early 
BULLETIN SP - 142 Delivery 


HATHAWAY INSTRUMENT CO., 1315 So. Clarkson, Denver 10, Colo. 














EDITORIAL ence and instinct, and excellent were 
(Concluded from page 81) the results very often. Today huge 
normalized at a certain temperature. plants handle masses of material at 
The plane is not passed safe for flying temperatures, pressures and speeds far 
unless evidence is forthcoming that the beyond the range of human judgment. 
normalizing was correct, and this is The catalysis of synthetic rubber, or 
furnished by a temperature recorder. the tempering of steel are mathematical 
At the same time, to make research equations come to life, and to control 
pay, it has become necessary to attain them mathematics itself must come to 
bigger production so as to spread the life. 
cost. This means bigger plant, more So was born Instrument Technology. 
raw material per batch, the use of (6) Our research chemists and physi- 
higher steam pressures and voltages, cists determine the conditions under 
and co-ordinated production. A few which eucalyptus timber will pulp, our 
years ago an individual could steer ma- engineers build the plant to do it; the 
terial through a factory by touch and forester grows the timber; the printer 
by judgment, relying largely on experi- offers to buy the paper. But the plant 
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operators cannot reproduce the condi 
tions specified by the research toll 
without instruments. Those instrumey 
must be selected, they must be installo; 
they must be maintained, a: theil \ 
readings must be interpreted. me 
So are born Instrument Technologisi jib 
(7) So surprising have been the pj 
sults of research that industry has som® 
out to discover all it can, and | 
no important industry today tha 
aloof. Some factories maintai 
own research staffs, others combi 
the common cause, whilst others d 
on commercial enterprise to supply j 
proved plant and methods, 
It often happens, and it happens 
more often each year, that researc) 
produces a formula for improved prog” " 
ductions; and that plant manufacturergqmeotU! 
can design and make the necessary? # 
plant, but that the new method calle!” ‘ 
for the measurement of some entirelyqme®5°" 
new and often very “slippery” physical Fs ot 
quantity. 
“Among the properties that the 
physicist in industry will be called 
upon to measure are many that 
have never been properly defined.”* 
(8) A few years ago instrument 
manufacturers simply turned down in- 
quiries on these lines. But they have 
been forced to face the situation and 
an entirely new method of tackling the 
problem has evolved. It has been found 
that instruments can be made to meas- 
ure and control automatically physical 
quantities almost without limit. Very 
often an instrument controls very ac- 
curately some process variable, al- 
though science has not been able to dis- 
cover just what the variable is, nor t 
define its measurement. The measure- 
ment of pH value is an instance rather 



























































































icts 
s ver 
Tak 
factu 
re So 
ints 
nea C 
riod 
D on, 
ms ° 
quir’ 
n the 
mply 
hece | 
hile | 
le w] 
ant ¢ 
yrmat 
t de 
ho hi 


P wart 
on these lines. 
. ‘ . It is 
The instrument manufacturers ofter lov 8 
find that one of their standard design J, ; 
can be re-wired, or combined with some * 7 
; x 


other instrument, so as to show a de ies te 
flection, when some condition associated # nit 
with the process changes. “belt 
(9) Apart from the translation of Bo. 
the results of research into practice, Bi, ¢. 
there are other developments that are Bbi¢ 


leading to the continuous increase of yoy 
the use of industrial instruments. One Bh. oy 
of these, partly the result of the i I ;, 


creasing size and complexity of plants, Bbaljeq 
is that operators do not require 0M ga) 
know all about the process. Their work Badin, 
is to attend to some one or two pieces Bhly r¢ 
of plant, their judgment is of no use i) Bition: 
the process, and they are not in 4 P0S! Bitry e+ 
tion to regulate conditions except to 4! BBntio, 
arbitrary formula. It is not only Si BR a»; 
ple, it is much more efficient, to say © Bijeca) . 
the night: shift “Keep that pressul Bipre, ; 
gage at 42” rather than “Keep tha Bimnt 
kettle just on the boil.” It is now p0Ss' Bip), 
ble to employ men on useful work fi). 
this sort who would have been incap? 9i)), 
ble of it before, because anyone can > fis 
taught to read a pressure gage reas! fj 

ably accurately, but a big new factorf 











*R.C.L. Bosworth: “The Physicist 
Chemical Industry,” Journal of Scie? 
struments, Sept. 1943. 
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inst: a onditions: no two of them would 
‘ installa king to the same standards. 
» and them (10) Instrument manufacturers have 
d. lated a fund of information 
echnologist industrial measurements, and 
been the y what will and will not work. 
stry has sme? 2PS they do not always know why 
and there j not work, but they are pre- 
r that stand pred to find a way. The result is that, 
intain thei 14° 28 getting practical results goes, 
combine j strument manufacturers possess far 
Maite depend d away more information than any- 
le im e else. Quite often their practice is 
re finitely different to that laid down in 
it happen e text books and taught in the schools. 
at research (11) When industry wants informa- 
proved proggon it must turn to these same manu- 


acturers, who are thus obliged to build 
» a technical sales organization. In 
eir own office such an organization is 
pasonably simple, but to see that buy- 
3s of their equipment in remote dis- 
iets and countrys get proper advice 
s very difficult. 

Take the case of an instrument man- 
facturer in London, whose products 
re sold in Australia. Suppose he ap- 
pints an agent in Melbourne with the 
fea of increasing his sales. After a 
eriod of canvassing, advertising and 
» on, the agent gets inquiries from 
rms who want information, and these 
hquiries fall into two definite classes. 
n the one hand are those people who 
mply want to buy a straightforward 
iece of equipment for a familiar job, 
hile on the other hand there are peo- 
e who are designing a process and 
ant exact and detailed advice and in- 


nufacturers 
> necessary 
1ethod calls 
me entirely 


y” physical 


that the 
be called 
any that 
lefined.”* 
instrument 
>d down in- 
they have 
uation and 
ackling the 
been found 
de to meas- 
lly physical 
limit. Very 
Is very ac: 
riable, al- 


able to dis- ; 

> is. nor togermation about what they can or can- 
Mot do. In the same class are people 

€ measst® Bho have a problem and who want help 

ance rather P I 


pwards its solution. 
It is essential for the agent to em- 


urers ofter 
loy a salesman who knows all about 


ard designs ; ; 
em e instruments made in London, who 
| with some ‘ 
, fen keep abreast of new developments, 
show a de 


ho knows enough physics and chemis- 


Lamsogae y and engineering to understand what 
2 being done and why, and who can 
islation o Mliow the customer’s explanations and 
© practi Hho can think out a solution for him- 
s that are Biel, 
nerease 0! Having delivered the instrument to 
nents. Ont he customer it is essential to see that 
of the ir @ i, properly installed. A badly in- 
of plants, MBalled instrument is not only liable to 
require He damaged, but it may give a false 
Their work ading or a reading that is not prop- 
two pieces Bly representative of the process con- 
f no ust" Mitions. Then it is necessary to in- 
| In & Pos Mifruct the operators in the routine at- 
cept to | MAntion required. 
only - An agent who is content to refer tech- 
, to say Bical problems back to the manufac- 
;_pressu’ M@rer in London, and who makes no at- 
Keep that 


a mpt to see that instruments are prop- 
now pos’ fy installed and cared for, quickly 
1 work OBMlis out of the race. Customers natu- 


ineana- it = 
en 1 ea lly prefer to deal with firms who can 
T _ . . 
one call ™ M@scuss their problems on the spot, and 
“eason- q oni a 4 x 7 
felons ill supervise installation. 
ww factory 


Thus these agents require to 
properly trained Instrument 
ogists. There has never been a 


Y 


















PQUALITY| 





Immediate Delivery 


Fast, Accurate 


SPRING 
TESTER 


51275 


Less Wrench 





supply of such men and agents have 
had great difficulty getting staff. Either 
it is necessary to take a lad and train 
him, which takes years, or else to take 
an engineer and make the best one can 
of him. 

(13) There are a certain number of 
instrument manufacturers in Australia, 
but they are working out their own 
problems and have their own staffs 
available. Undoubtedly they would em- 
ploy Instrument Technologists trained 
in schools, but they are not in the same 
difficulty as agents and importers. 

(14) In the last few years there has 
been a huge increase in the actual num- 
ber, as well as in the variety and in- 





and Inexpensive 






| &, Eye STURTEVANT fae 


LUE ae ALITY Be P 


tricacy, of industrial instruments. Fac- 
tories that previously had a few pres- 
sure gages are now bristling with re- 
corders and automatic controllers. A 
very real difficulty arises, in that the 
ordinary plant operators and mainte- 
nance men do not understand these in- 
struments. Instruments get out of or- 
der, or are even smashed just through 
ignorance. Besides the loss due to the 
breakage of something that cost, per- 
haps, £100, there is the very much more 
vital matter that the control of the 
process is either ruined or else reduced 
to a lower efficiency, until a repair can 
be carried out. 

Over and over again do instrument 
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QUARTER (90°) TURN 
eS 


—eE 
COMPLETELY 
ILLUMINATED! 


COMPLETE 
BLACKOUT! 





Three big features characterize our new patented No. 85 Shutter 
Type Jewel Light Assembly: 


1. 90° right turn brings COMPLETE Blackout. 

2. 90° left turn and the jewel is COMPLETELY, uniformly 
illuminated! 

3. Convenient slip-fit bezel permits quick easy lamp re- 
placement without tools. 


NEW No. 85 
SHUTTER 
TYPE 


7 i The No. 85 has many other superior features .. . all designed 

ce J to raise jewel light assemblies to new heights of dependability 

SS 5S and efficiency. The new Drake Catalog should prove valuable to 
~ you. Do you have a copy? 


PILOT LIGHT ASSEMBLIES 


DRAKE MANUFACTURING CO. 


1713 WEST HUBBARD ST.,, CHICAGO 22, U.S.A. 

















SERRE, 


PLASTI 


g NAME 
PLATES 


SCALES, GAUGES, 
CALCULATORS, 
\ CHARTS, DIALS, ETC. 


READ BOTH 


PLUS and MINUS 


PRESSURES 


TRIMOUNT 
ABSOLUTE PRESSURE 
MANOMETERS 


will indicate from 
50 inches positive 
absolute pressure 
down to absolute 
vacuum. No baro- 
metric pressure 
corrections re- 
quired. Highest 
quality. Sealed 
tube. Single leg. 
Zero adjusting 




















@ Impervious to moisture, grease, 
oils, acids, alkalis. 


@ Printing guaranteed not to wash 


or rub off. 
screw. ; 
+ Non-inflammable, non-corrosive 
Write for prices plastic. 


@ Printed and laminated vinylite ano 
cellulose acetate. 


SAMPLES AND ESTIMATES GLADLY SUPPLIED ON REQUEST 
WRITE DEPARTMENT NV + 


and catalog 


TRIMOUNT 
INSTRUMENT CO. 


523 SO. PLYMOUTH CT. 
CHICAGO 5, ILL. 


THE HOPP PRESS, INC. 


PRINTING — FABRICATING — FORMING 


460 W. 34th STREET, N. Y. C. 


ESTABLISHED 1893 
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| firms get inquiries from jy 
| who have been given the job 
ing after the instruments” 
want to know how to go ab 
desperation, after repeated | 
and losses, the factory appo 
| one to take care of the instru 
(15) The person chosen in 
| is practically always a juni 
or apprentice, and he spends ; 
perhaps a year or more, fi! 
what he can, more or less by 
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rial g 
error. It is only after heavy losses ¢ 
the factory awakes to the realizat; 
that something must be done, and wh 


the appointment of someone to be 
sponsible is a good step, the choice 
|an untrained person prolongs the ; 
| riod of loss. The cost of bre: akage 
| probably reduced, but the  invisij 
| losses due to low efficiency are almg 
| certain to persist for a long time. 
| (16) A properly trained Instrume 
Technologist would be able to save } 
own salary several times over for a 
one of a dozen Victorian factorig 
Some factories have repair bills ry 
ning into hundreds of pounds, and th 
lose efficiency to unknown amounts dy 
ing repair. An instrument man coil 
stop this at once. 
(17) Apart from breakage and sim 
lar mishaps all industrial instrume 
require some maintenance. There is t 
work of changing charts of recordi 
instruments, checking the operation 
automatic controllers, testing, etc, } 
| routine inspections the causes of failu 
| in instruments can be detected and : 
| ticipated, and the life of the instr 
ments prolonged. Ostensibly the i 
| strument maker is keeping his equ 
| ment in order and thus reducing : 
| pair and replacement bills, in fact } 
| work goes far deeper, because he 
| maintaining the tolerances to which ti 
plant is working. 
| (18) Instruments control the quali 
|or quantity, they are the limit gag 
| through which the manufactured p! 
uct must pass. If one instrument is! 
wrong, the entire output passed by ti 
| instrument is also wrong. Suppose 4 
| mint were to use a weighing machi 
1% out, every single coin would! 
wrong. So it can be seen that inst 
ments are not just part of the macil 
| ery, they are the brains that cont 
| everything, they are the mana 
executives. 

(19) The above lengthy prot 
|based on actual day-to-day experiel 
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| in Melbourne over the last ten ye, .... 
Its purpose is to emphasize that an@ie 
| tirely new outlook is urgently wa 


|on the matter of instruments 
| try, and on education. nnic 
| It will be noticed that “Instrum... 
Makers” have received scant attenl 
and reference is more to “Instrum 
| Technologists.” That is not to say" 
| there are to be no instrument ma 
| in the plant of the future, far from 
| but they are a different breed . 
| It is best to separate enti! 
two classes, as their work is 
ferent, they have a different 
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_ and they require quite different 
ing first with our technologist, 
the commercial openings 


7} are 
va lable to him today? And what of 
he future? 

(20) At the present time, partly ow- 
ne to war conditions, but more be- 
ause of the lack of trained men, there 
bre at least five good openings avail- 
»bie in Melbourne with firms selling 
mported instruments, There may be 


or five times this number, but there 
bre certainly five in decent firms, with 
Frst rate prospects, good pay and ex- 
ellent working conditions, At least one 
bf these firms wants a man to be 
rained as manager of the technical 
side of the business by 1950. He would 
be sent to America or England for ex- 
perience. The same firm will have 
ppenings at intervals of about two or 
hree years, each man going overseas 
ns new ones are engaged. This firm 
puarantees continuous employment and 

akes all its employees shareholders 
after one year’s service. 

While the above is exceptional, other 
rms offer positions at least as good 
as the average run of commercial jobs, 
and certainly better than for non-tech- 
ical employes. Owing to the tremen- 
dous importance of a correct knowledge 
of instruments the cost of employing 
first rate men is an economy, and this 
is rapidly being realized. 

(21) In addition to imported instru- 
ments there are also local manufactur- 
ers. These would probably absorb a 
ertain number of instrument technolo- 
gists, but the demand is rather uncer- 
ain, because they are either specialists 
in one class of instruments, or else 
hey are rather haphazard in their 
methods. Specialist manufacturers can 
easily train their own staff, owing to 
he narrower range of knowledge re- 
quired. 

(22) In large public projects, such 
as power houses, water works, muni- 
tions factories, aircraft factories, me- 








Ingenious New 


Technical Methods 


Presented in the hope that they will 
prove interesting and useful to you., 





New Metal Surfaces Made 
by Spraying 


Molten metal is now sprayed or atomized 
on to metal surfaces for the purpose of salvag- 
ing worn bearings, shafts, cylinder walls and 
such parts. Metallizing, as the process is called, 
is also used for putting a non-corrosive coating 
on iron or steel surfaces subject to corrosion 
such as cylinder walls of internal combustion 
engines, valve gates and such parts in contact 
with water. The metals to be sprayed may be 
aluminum, zinc, stainless steel, high carbon 
steel or other alloys depending upon the char- 
acter of the surface desired. The sprayed sur- 
face may be “over built” and machined down 
to size to obtain accurate surfaces. 





Metal spraying guns have been perfected for 
use with various types of gases for heat, de- 
pending upon the melting temperature of the 
metal to be sprayed. 

We hope this has proved interesting and use- 
ful to you, just as Wrigley’s Spearmint Gum 
is proving useful to millions of people working 




















Rough threading—cooling 
locks metal firmly to surface, 
producing a permanently 


tight bond. 
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most significant are the large power 
houses. The State Electricity Commis- 
sion of Victoria has recently created 
BR new position “Instrument Engineer” 
nder the Chief Mechanical Engineer. 
INo doubt other large projects will do 
omething similar as time goes on. 

(23) In privately owned factories 
there can be created a large number 
bf openings. Some factories have got 
but of their difficulties by hit-or-miss 
methods, and could absorb a number of 
punior instrument technologists from 
yea to year. Others are struggling 
0 keep new plant on its feet and would 
BOsorb at once a man with even a rudi- 
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. fool . milar conditions will continue after 
eed. a a they are not the result of the 
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“ig cuite Me. stalling a big plant complete and 
‘ent busi 6s. in a new team of men to 





everywhere for Victory. 





You can get complete information from 
The Metallizing Company of America, 
1330 W. Congress St., Chicago, Illinois. 


Sprayed journal before finish- 
ing—Main bearing journal 


after surface has been 


Metallized. 


Y-101 





The number of openings available to- 
day and regularly from year to year 
in factories can hardly be estimated 
as it will depend partly on the publicity 
given to Instrument Technology. But 
a start could be made on the basis of 
twelve of fifteen annually. 

(24) If a proper curriculum is drawn 
up and the training given meets the 
actual needs of industry, then there 
should be no difficulty getting guaran- 
tees of employment from big industries. 
If some form of guarantee is necessary 
it should be quite easy to approach 
say thirty or forty firms, and get from 
them a promise that they will employ 
fifteen or twenty instrument technolo- 
gists per annum, as they complete their 





training, or while they are training. It 
is possible that the preliminary expense 
of conducting a training course could 
be covered by donations from such 
firms. Some firms would be glad either 
to give a donation, or else to contrib- 
ute to an annual subsidy. 

(25) The Australian Society of In- 
strument Technology was founded to 
clarify the use of industrial instru- 
ments, and its membership is largely 
composed of companies using instru- 
ments, firms making or selling instru- 
ments, and individuals who are re- 


quired to care for instruments. It is a 
non-partisan body and would be com- 
petent to assist in the organization of 
a course of training and it could under- 
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__ PRECISION _ 


SCALES 


Promptly 


You, too, may want some 
specially designed precision 
scales in a hurry as did a 
prominent eastern manufac- 
turer. A large order for 
special scales came Thurs- 
day — shipment went for- 
ward in two and a half 
working days. 





Maymer Syl-O-ette scales 
—both special and stand- 

‘ ard—are notably accurate 
—even the 100-inch (shown 
here). They are easily read 
—no glare. Reasonably 
priced, tool 









































SCALES, DIALS, TEMPLATES, INDICA. 
TORS, DIAGRAMS, ON PLAIN OR COATED 
FLAT SURFACE METALS, PLASTICS, ETC. 





CORPORATION 
10886 Beres Rd., Cleveland 2, Ohio 
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PERMANENT 


MAGNETS 








| take to approach industria] 
| for donations or subsidies. 
(26) Upon completion of hi; trail 
ing the instrument technologis: sho 
| have had a thorough grounding § 
| physics equivalent to 2nd yea: 
| sity pass, also sufficient kno 
chemistry, mathematics, eng n 
drawing, English and a littl: instr 
ment making. But, most imp: 
all, he must have a good training ; 
instrument technology. t 
No attempt is made in th 
randum to define.the hours of stud 
or the approach to the tea 
the familiar subjects, which v 
ily be handled on existing sy! 
(27) To institute teaching of the ney 
subject of instrument technology wij sta 













hing 
‘—e 
il Yead 
abuses 


| be difficult and will call for get 
| deal of work. One of the worst dif wh 
culties will be to get teachers, becaus ma 
the only -individuals with the righ fac 
knowledge are more or less self-taugh the 


Cinaudagraph 
Magnets 


Philco, engaged in the manu- 
facture of highly-accurate elec- 
tronics equipment for the armed 
forces, insists upon perfection 
in the parts going into its prod- 
ucts. There can be no “weak 


link”. 


Years of research in our par- 


ticular field of electronics en- 
abled us at Cinaudagraph to 
meet Philco's demand for pre- 
cision-designed and precision- 
made permanent magnets. Per- 


haps, it is for this reason we are 
the largest supplier of magnets 
to the company. 


Why not let us help you as we 
have helped Philco and others? 
Our engineers and yours, work- 


ing together, can solve that 


magnet problem. 





2-CC-2 


trical 9, van 
CINAUDAGRAPH IE 





CORPORATION 








STAMFORD, CONNECTICUT 


| ° ee 
| ferent branches of the subject by dif 


| beyond their capacity. 


| ciples of design, theory, application, 


| long.* 


—l1. Temperature, 2. 


Speed, 6. Flow-rate, 7. 


cation... 


| was reproduced in Jnstruments, Aut 
| page 303.] 


and their knowledge is largely confine 
in scope and unsystematised. . 

This difficulty will be overcome a 
the teaching class creates its own tra 
ditions and systemisation. It may hx 
necessary in the early years to hav 
rather disconnected treatments of dif 















ferent teachers. 

Care will have to be exercised tha 
teachers have real knowledge. Many 
instrument engineers are semi-trained 
men who have picked up fragmentary 
knowledge. While not denying the very 
real contribution they can make in 
practical instruction, they should net 
be entrusted with educational work 


(28) The subject covers the pri-- 


installation, servicing, inspection ané 
repair, all under practical industrial 
conditions, of instruments. 

(29) At this stage it is appropriate 
to define “Industrial Instruments’ 
Behar’s “Manual of Instrumentation’ 
gives the best definition, but it is rather 


(30) The teaching of instrument 
technology will include the following: 

(A) Introductory. Definition an 
classification of industrial instruments 
Basic principles. Standards. Genera 
discussion of indicators, recorders, (0! 
trollers. 
(B) Elements. Measuring elements 





*“Industrial instruments are devices “B®, 
rugged construction and practical ut 
measuring or controlling— 

“(1) Processing and working co7ditiol Bama 
Humidity, 3 ressur 
Duration or Timing, 
Liquid Level 
“Strength” 


(or vacuum), 4. 


Conditions, 9% 
te. of processing mediums), 10. I z 


**(2) Physical and chemical properies 

“(3) Physical and chemical co? { 

(4) Miscellaneous other facto! ‘ 
tions or magnitudes. r 

“Table I represents a systemati« ssif : 





[The book is out of print but 
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x syllabuses, 





Your boiler room may show similar vital savings. 
Ask Hays to make a survey and recommendation— 
there's no obligation and it’s usually worth while in 
savings. The new Combustion Control Catalog is 
full of valuable data, write for it. 
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appropriate 
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ARAC , 
s a-Close Second, Mr Echiso 
‘] HOMAS EDISON rightly claimed that time is the most valuable thing in the world, 





ut there's no gainsaying that ACCURACY is a close second. For instance, accurate 





Ontrol of processing temperatures and pH saves rehandling, hence time 
Se For this purpose potentiometric instruments are supreme and their accuracy, for 25 years, 
al utility, as Seen largely due in most cases, to EPLAB Standard Cells. The latter were the first 
or rcial cells of their type on the market and 
zc dit : ‘ve madé€ mass production compatible with uni- 
Ti a in many fields, 
" Kr 
evel 
“4 ally all our production is devoted to this one 
0. I I 
a 

ae HE EPPLEY LABORATORY, INC. 

sahee D ¢ VNTIFIC INSTRUMENTS 
compe - /RT, RHODE ISLAND, U.S.A. 
ctors, cont 
sec 79 SLAB Standard CELLS 

~ SAD oTandar 
toh ' } 

ut tabh Potentiometric Instruments 
Aug Lvs ' 





Standard as Sterling” 












600.000.000 Strokes 


Can’t Weaken! 
















































Eight months’ grueling tests of Cook “Spring Life” 
Bellows wore out three testing machines like the one 
shown here, but left the Cook Bellows still in good con- 
dition after withstanding 600,000,000 operations. 


For this extraordinary test a special machine was built 
to operate at 1800 strokes a minute with 4” stroke. 


Recently a Cook Bellows, as an automatic carburetor 
altitude regulator for aeroplanes, withstood 250,000 
pulses in an iron lung test with altitude conditions 
ranging from sea level to 40,000 feet. It was still oper- 
ating perfectly. 


As a result of such tests as this we have no hesitancy in 
recommending Cook “Spring-Life” Bellows for the 
most exacting continuous operation. Send us your 
specifications. We'll be glad to give you complete data 
applying to your particular problems. 


ab) . N ° of ..99 . . 
This is the “Spring-Life” Principle 


The action of “Spring - Life” construc- 
tion is like a long spring under tension 
and responds under load like a true 
spring, with exacting return and 
function on a definite axial movement 
without squirm. Cook Bellows are 


FREE 


leakproof even under high operating 


pressure or vacuum. —— 
e . . . —_——_, ee 
Sensitive dimensional response to small = _ 


increments of pressure can be furnished 
as required. For example, a Cook Bel- 


COMPRESSED 


lows is so sensitive that it will operate a 
Micro Switch at 4 WC .009 PSI. 


This book gives 
Or z you the answer. 
ae 


SS 


















~~ sali e ——— 

> me ~~ 

f PAN ANT I rier > @ a » 
Qaoowe ul > 








2700 Southport Ave., Chicago, III. 
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SENSITIVITY 





Duorasty constructed .. . yet capable 
of extreme sensitivity .. . is one of the 
characteristic features of the new General 
Electric line of ELECTRONIC MEASURING 
INSTRUMENTS. Designed in the famous 
G-E electronics laboratories, this line 
offers a comprehensive selection of com- 
pact apparatus for service, maintenance 
and research. 

For measuring electronic circuits and 
component parts, this line includes: G-E 
unimeters, capacitometers, audio oscilla- 
tors, wide band oscilloscopes, square 
wave generators, signal generators, power 
supply units. 

G-E testing equipment is now in pro- 
duction primarily for the Armed Forces. 
But these stable, shock-resistant units 
may be purchased on a priority if you 
are engaged in war work. After victory, 
the full line will be available to everybody. 
General Electric, Schenectady, N.Y. 

© We invite your inquiry for G-E elec- 


tronic measuring equipment made 
to meet your specific requirements. 





FREE 
CATALOG 


ELECTRONICS 
DEPARTMENT 


GENERAL ELECTRIC CO. 


Schenectady, N. Y. 

Please send, without obligation to me, 
the General Electric Testing Instru- 
ment Catalog, I-2 (loose-leaf), for my 
information and files. 


Name 





ee 
Address___ 





GENERAL @ ELECTRIC 


177-c2 


Electronic Measuring Instruments 
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REMINGTON ARMS CO. 


CHRONOSCOPE 





Measures Time Intervals 
1 to 200 Milliseconds 
1°/. Accuracy 
Inquiries Invited 


Dynamometers, wattmeters, milliam- 
meters and voltmeters. Also ultra- 
sensitive meters both for A.C. & 
D.C., fluxmeters, electrostatic volt- 
meters from full scale 120 volts to 
over 20,000 volts, thermocouples, 
earth current meters, cable testers, 
etc. 


Special Apparatus Built to Order 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


{10 Potter St. Cambridge, Mass. 
New York, N. Y. Chicago, ill. 














HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 36 years. 


In general use for 
specification pur- 
poses. Simple, 
sturdy. Compara- 
tively inexpensive. 


Illustrated 
bulletins 
free. 





The Shore Instrument 
& Mig. Co., Inc. 


9025 Van Wyck Ave., Jamaica, N. Y. 








error. Interpretation of results, 
(C) Mass, length, time, spee 
(D) Pressure. 
(E) Temperature. 
(F) Recorders. 
(G) Controllers. 
(H) Humidity. 
(I) Fluid flow. Liquid level. Pog. 


(J) Hydrogen Ion. 

(K) Electronics. 

(L) Viscosity, density, calor metry, 

(M) Gas analysis. 

(N) Electricity. ~ 

(O) Optics. 

(P) Light, sound, colour. 

(Q) Aviation, meteorology. 

(R) Telemeters. 

(S) Metrology. 

(T) Selection, installation, mainte. 
nance. 

(U) Calibration, acceptance tests, 
specifications. 

(V) Special applications—boiler ef. 
ficiency, engine tests, research prob- 
lems, overcoming difficulties, adaption 
of existing instruments to new prob- 
lems, ete. 

(W) Elements of commercial prae- 
tice and law of contracts as applied to 






Sensitivity and accuracy. Sources of Hae 


| 


aS SS TTS a 


quotations and purchase of engineer-f 


ing plant. Business ethics. 

(X) Planning for the future. 

(31) In mapping out the detail un- 
der the above Syllabus the most im- 
portant consideration is that the stv- 
dent should get a comprehensive and 
sound knowledge of the basic principles 
underlying the working of instruments. 
His advanced knowledge of physics will 
teach him the science but he must also 
learn the practical ways in which s¢i- 
ence can be made to give results under 
working conditions. He should be ca- 
pable of understanding and explaining 
the working of any modern automatic 
device in the instrument class and he 
should have a general understanding 
of the classes of error likely to lk 
found in them. 

(32) It is most important that the 
student should learn the practical ap- 
plication of his knowledge by handling 
typical modern industrial instruments. 
It would be quite wrong to have to 
much of the usual laboratory appara 
tus, he will not have that under his 
hands in a factory, and he must leam 
to get the best of the equipment that 
instrument technology covers. 

(33) It will be essential to have 3 
wide range of typical instruments, re) 
resenting as many different makes 4 
possible. Many of these are fairly ob 
vious, such as thermometers, pressult 


gages, manometers, dial thermometers, & 


sl 


deflection pyrometers, micrometers, 51! 


gages, voltmeters, psychrometers, ef 


But the more elaborate instruments, 
such as potentiometers, recorders, af 
operated temperature controllers, stea™§ 






flow meters, temperature or p! 
recorders, etc. are expensive, a! 
require some auxiliary equipme! 
as compressed air supply and fiitings 
experimental set-ups, etc. 

It would be hopeless to do an 
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Tue face of a meter is disarming enough. It can tell the 













truth or it can bluff without any change of expression. 


Does Your Product That’s why you must look to the maker of the meter- 
Require | 
MORE COMPACT and accuracy. If it is made right, it tells the truth. 


9 Boes measuring, metering, and testing instruments are 
RESISTORS s | built for sustained accuracy*—to provide the sciences, the pro 


fessions, and the world of production with instruments of 


rather than to the meter itself—for proof of responsibility 


& that # character—instruments that never bluff—instruments that 
t that the 


actical ap- 
y handling 
struments. 
> have too 
ry appara 
under his 
must learn 
yment that 


+ 


are built expressly for the service they are expected to 
render and the circumstances under which they must operate 


* SUSTAINED ACCURACY is not an easy quality to achieve. It 
must take into account all factors of use—must then employ th« 


design, the alloys, the construction that infallibly protect an 









1 instrument against all threats to its reliable performance. Sucl 


he Ward Leonard Strip Type 


Resistor is a typical example of instruments, obviously, must be built with performance—not 


to have 4 compact component. Its flat price—in mind. We invite the inquiries of those who are interested 
nents, rep MEPestO" Permits installation in in such standards. 
Sates places where there is not room 


fairly o Me ° round section resistor of 

: he same value. Other regular 
merd Leonard Resistors are 
meveilable for special purposes. 
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Strip Type Resistor 


ri ~ pend for Resistor Bulletins. May be mounted singly or in any multiple. ° ' 
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RELAYS » RESISTORS + RHEOSTATS | for Measuring, Metering & Testing Equipment 





me! u 
id fittings Electric control wm) devices since 1892. 
a LEONARD ELECTRIC CO., 38 South St., Mount Vernon, N. Y.. THE W. W. BOES COMPANY, DAYTON, OHIO 


February 1944—Instruments—Page 123 

































































How to MEASURE 
and CONTROL 


Chemical Engineering 
Processes 





Successful plant operation depends as 
much upon ability to control the process 
as it does on knowing how to design and 
construct the plant. For that reason you 
will find this new book on modern instru- 
ments, and their design and construction, 
especially useful and valuable. 


INDUSTRIAL INSTRUMENTS 
for 
Measurement and Control 
By THOMAS J. RHODES 


Engineer, Procter & Gamble Co. 
573 pages, 6x9, 282 illustrations, $6.00 


ERE is a practical reference book for all 

concerned with instrument and _ control 
problems in industry. Fully covers in a theo- 
retical and practical way the measurement and 
control of temperature, pressure, fluid flow and 
liquid level. Automatically controlled continu- 
ous processes are thoroughly analyzed and prac- 
tical rules established for the design and mainte- 
mance of controlling instruments. The book 
supplies the data called for by the enormous 
increase in the number of instruments and con- 
trols used in industry, together with the in- 
creased complexity of the problems attending 
their design, installation, and maintenance. 


Practical facts 


—all types of pres- 
sure-measuring in- 
struments; 


—indicating and 
recording thermom- 
eters; 


—design and con- 
struction of ther- 
mocouples; 


—design and con- 
struction of radia- 
tion pyrometers; 


—how to solve 
Problems in flow 
Measurement ; 


—tiquid-level meas. 
urement by means 
of float gauge in- 
struments; 


—telemetering: 








—etc., etc. 


MAIL THIS 
COUPON 











prin Book Co., 330 W. 42nd St., N. Y. ie! 
Send me Rhodes — Industrial Instruments for 
Measurement and Control for 10 days’ examina- | 
tion on approval. In 10 days I will send $6.00, 
plus few cents postage, or return book postpaid. | 
(Postage paid on orders accompanied by remit- | 
tance.) 
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Philadelphia 
Merc-to-Merc 
Thermo - Regulators 

Feature 


Mercury to Mercury 
Contacts : Increased 
Contact Capacity : 
Sensitivity within 
0.1 F. Exceptionally Long 
Life and Stability : No 
Arcing : No Oxidation : 
Temperature Lag Re- 





duced : Temperature 
Ranges adjustable to 
700°F. 

@ 


Philadelphia Merc-to-Mero 
Temperature Controls and 
Mercury Plunger Relays 


The Philadelphia Thermometer Co. 
Sixth & Cayuga Sts. i Philadelphia 
WRITE FOR CATALOGUE 
No. 104. 


Oldest Thermometer Manufacturer 


in Philadel phia 











AIRCRAFT 
THERMOCOUPLES 





Gasket or Blind Rivet Type 
Thermocouples 


Calibrated Lead Wires 
Firewall Connectors 


Army, Navy and Commercial 
Types 


THE WINSLOW comPAany 


NEWARK 2 N 4 


35 FULTON STREET @ 











without this equipment, so the tua. 
tion must be faced that it mit fy, 
obtained. Instrument firms sho. 4 be 
approached and asked to donate :. stry. 
ments. Failing that, they sho 
asked to sell at cost, without prc ‘it, o, 
at even below cost. Large manuf :cty,. 
ing companies should be asked fo, 
donations. 

Very often, broken instruments yi] 
be quite useful for instruction purposes 
and it should be relatively easy ty 


o 
om 

















collect quite a lot at little expense f 


See Clause (25). 

(34) A student who has completed 
the course should be entitled to credit 
towards an engineering diploma, and 
should receive a certificate, 01 
mark of competency, enabling him to 
seek employment at once. 

A Certificate must be definite eyj- 
dence that the student is competent to 
recognize the different types of instry- 
ment in a plant, knows how they work. 
how to test and adjust them and so on, 

(35) Having dealt at some length 
with instrument technology, let us now 
turn to instrument making. Enough 
has been written to show that the two 
subjects are different, and need dif- 
ferent treatment. Instrument making 


other § 








is nothing more or less than the mak- § 


ing of instruments, that is, it is the 
trade of fine mechanical engineering, 
or else of glass apparatus making, or 
optical instrument making. There are 
some specialized trades, such as bal- 
ance making and adjusting, or ther- 
mometer making, which absorb a few 
men, but the great bulk of those trained 
as instrument makers are engaged on 
radio and cinema equipment and simi- 
lar fine work, or else as instrument 
fitters and repairers for aircraft, water 
meters, electrical meters and _instrv- 
ments, and so on. 

There is a good deal of instrument 
making for defense at present that will 
not last after the war. 

(36) Experience shows that the smal] 
engineering shops that describe then- 
selves as “Instrument Makers” ar 
capable of first class mechanical work. 
They are quite incapable of designing 
or making an instrument having speti- 
fied calibration characteristics. It seems 
to be a mistake to try to teach to 
much to students intended for instru 
ment making. They should learn all 
they possibly can about their trade, 
but to expect them to master the ap 
plication of instruments to industry 
is merely to confuse instrument mak- 
ing with instrument technology. 0 
course instrument makers must have 
the basic teaching to enable them to be 
taught the adjustment of balance, 
the welding of thermocouples, but the 
first thing for them to learn is thelr 
trade and craft. 


(37) The courses of instrument mak- | 


ing and instrument technology should 


be so arranged that the student who is 
ambitious can transfer at any stag 


PREC 








from the former to the latter. Ther} 


will be a definite percentage each ye" 


who will want to do this. . 
Students of instrument making 520U 
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16” and '/>” Bar ae Bed 
apacity 4” Swing 


Both Sizes Have Lever Collet Closers 


INSTRUMENT REPAIR LATHES avs YY.“ eg 


they work, . R 
and so a 3 16” Bar Capacity, ” Bed, “” Swing 
mme length ompound Motops | Milling 


let us now 
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Write for details and prices 
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Shees om 220 W. Fifth St., Los Angeles, Calif. 
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INSTRUMENTS 


If your present manufacturing opera- 
tions or post-war plans call for tem- 
perature measurement or control, con- 
sult H-B engineers. They will give you 
the benefit of their 27 years’ experi- 
ence in solving problems involving the 
use of thermo-regulators, thermostats, 
thermometers, relays, etc. Write for 
Blue Books 4 and 5. H-B Instrument 
Company, 2525 North Broad Street, 
Philadelphia 32, Penna. 


rn is theif 
zment mak- 
ogy hould 


lent who is 
any stag 
ter. There 


each yell THERMOMETERS « HYDROMETERS 


THERMO-REGULATORS + RELAYS Ht <> 
king should 


Army, Navy and Air Corps 


DIALS AND OTHER DEVICES 


processed with 


RAWOUMC 





PHOSPHORESCENT AND 
FLUORESCENT COMPOUNDS 


Materials processed with radium compounds 
glow everlastingly in the dark without activation 
from any outside source. 

We process with luminescent compounds, all 
types of dials and other devices, in metals, 
plastics and glass, according to the latest Army 
and Navy specifications. Our perfected labo- 
vatory methods ensure uniform accuracy and 
durability of applied numerals, lettering and 
calibrations. Information and estimates on your 
specifications furnished promptly on request. 
First in Radium— Under one control—mining, 
refining, technical research, processing and 
distribution of radium products for industry. 


Canadian 


RADIUM s URANIUM 


Corporation 
630 FIFTH AVENUE « ROCKEFELLER CENTER « NEW YORK 
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Sasha Wont of hard-to-gel-at places 


now made certain and accurate with the help of 


WAPPLER 


INDUSTRIAL TELESCOPES 


White for 
our Qooklet: 


~ Lad 
ays 
react mane 


the part itself. 


Industrial Division 


AMERICAN CYSTOSCOPE MAKERS, Inc. 


FREDERICK C. WAPPLER, Pres. 
1241 Lafayette Ave 


attend two or three of the technology 
lectures during the year, lectures of a 
general or introductory nature. It has 
already been laid down that technology 
students must have a little training in 
instrument making (Clause 26.). 

It would be quite possible to draw up 
a detailed syllabus at once, together 
with a list of text and reference books. 

(38) A lot of attention has been 
given to this subject in U.S.A., and 
war has accentuated the difficulties 
caused by a lack of instrument tech- 
nologists. 

Many Universities and Colleges have 
instituted training courses, some of 
high standing, and many with Govern- 
ment support. These have all been a 
great success and have attracted more 
students than was expected. Many of 
these courses are dependent on instru- 
ment manufacturers, whose representa- 
tives have acted as part time or spe- 
cial subject lecturers. Probably the 
University courses are mostly within 
the schools of mechanical or chemical 
engineering, while the Technical College 
courses are evening or part time. 


Alabama (whether Polytechnic or 
University not stated) has a 78-hour 
course. This is for trained engineers 
and only just suffices to survey the 
subject briefly. The Case School of 
Applied Science has a course of 24 
lectures. Also might be mentioned 
Oregon State College, University of 
Southern California, Illinois Institute 
of Technology, and many others. 

Owing to the increasing complexity 
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“Precision Instruments for 
the Exacting Inspection of 
Internal Surfaces.” 


For prompt action and our recom- 
mendations, include drawing of 
part to be inspected, or preferably 


(Bronx) New York, U S.A. 





». tries. 


rapidly by 


of industrial processes, and the closer 
tolerances required to be maintained by 
instrumentation, both instrument man- 
ufacturers and large users (such as 
refineries and air lines) found it neces- 
sary to train their own men. This led 
to the establishment of private training 
schools, long before the Universities 
and Colleges did anything on the same 
lines. 

The disadvantage of these private 
schools is that they train men only to 
serve their own purposes, and their 
scope is thus too limited, although 
their training is much more thorough, 
so far as it goes. 

(39) The information in Clause 
(38) is based largely on numerous arti- 
cles, mainly in the magazine Instru- 
ments and the following should be read 
in conjunction with this memorandum. 

BOOKS. 

Behar, “Fundamentals 
mentation.” 

Perazich, Schimmel and Rosenberg, 
“Industrial Instruments and Changing 
Technology.” 


of Instru- 


ARTICLES. 

“Training of Physicists for Indus- 

try.” Am. Physics Teacher, 1936, 7. 
FROM Instruments MAGAZINE. 

“Training your own Instrument Men.” 
Jan. 1937. 

“Industrial Instrument Course at the 
Charleston Evening Trade School.” Apr. 
1939. 

Editorial, Dec. 1940. 

“Case School of Applied Science, lec- 
tures on Instrumentation.” Dec. 1940. 


@ The Dietert Mois- 
wn 

ture Teller deter- 

mines moisture con- 

tent accurately and 


electrically heated air 
through the test 
sample. Cost of oper- 
ation is very low. 


~DIETERT 


Moisture 


CONTROL 


BY) save motley 
It is Quick and Acceurale 
For plant and labo- 
ratory use in the 
chemical,ceramic, 
food, foundry, 
paper, pulp, rubber, 
salt, sugar, textile 
and tobacco indus- 
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IT 






Send today for 
Full information 
and prices. 





forcing 









DETROIT 4, MICH 


“Survey of Educational Trainir 
Courses.” Feb. 1941. 
“Instrument Education and 
ing.” Mar. 1942, 
“Course for Aircraft Instrument Me 


chanics.” Apr. 1942. 


Train 


FROM SYMPOSIUM ON TEMPERATURE 
MEASUREMENT, 1939. AMERACAN 
INSTITUTE OF PHYSICS. 
“Industrial Course in Temperatur 
Measurements.” 
“Teaching of Pyrometry in Techni 
cal Schools.” 
“Education of a Pyrometrist.” 
“Instruction in Temperature Meas 
urement to Mechanical Engineering 
Students.” 
ALSO 
“The Physicist in the Chemical I» 
dustry.” J. Sci. Insts. Sept. 1943. 
“Memorandum on Post-War Educa} 
tion and Training of Physicists,” an 
“Physics in Industry,” both from th 
Institute of Physics “Notices to Mem 
bers” (not for general publication 
May and July 1942. 
(40) In conclusion the following 4” 
repeated for the sake of emphasis: 
(A) Instrument making must } 
separate from Instrument Technolog) 
(B) The aims of the course must! 
essentially practical. 
(C) The choice of teachers is viti 
and should be scrutinized with care. 
(D) Industry will give the cour 
ample support, provided that rea! lig 
strument Technology is taught. 
P. A. CRIVELLI. 
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HE latest addition to the DPI line of high-vacuum 

gauges is the Ionization Gauge Control, Type DP-100. 
In conjunction with the V'G-1A Jonization Gauge, it covers 
the pressure range of 10-3 to 10-7 mm. simply, conven- 
iently, and reliably. It operates with two electron-ray 
tubes as null indicators: one to indicate the grid current, 
the other the positive-ion current. Dial settings are made 
manually, and a single scale calibrated in pressure units 
gives direct readings. 

Rugged construction and the absence of sensitive 
meters make this new control especially suitable in indus- 
trial applications where fragile controls have heretofore 


prohibited the use of ionization gauges. 


A Rugged, Reliable High-Vacuum Gauge... 
IONIZATION GAUGE CONTROL, TYPE DP-100 





lonization Gauge Control, Type DP-100 


Write for details about Distillation Products Ionization Gauge Control, Type DP-100, as well as additional ion 


ization gauges, 14 types of diffusion pumps, special glass apparatus, and other items for high-vacuum technology 


DISTILLATION PRODUCTS, INC. 


Jointly owned by EASTMAN KODAK COMPANY and GENERAL MILLS, IC. 


ROCHESTER, N..Y: 
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DOWN TO .OOOL” in Vibration Measurements! 


Tre model I1-A Vibrometer 
simplifies the laboratory and production 
testing of equipment containing moving 
parts — quickly checking displacements, 
accelerations and velocities. 


The Televiso Vibrometer is invaluable for 
the constant monitoring of production 
machinery where continuous accuracy is 
required, (See illustration.) 


Vibrometer features: Large 8!/2” scale for 
easy, direct reading — no interpo!ations 
required . . . Covers complete vibration 
range of majority of industrial applications 
. « « Eliminates all human error in deter- 
mining vibration factors . . . Used by 
every major industrial and aircraft manu- 
facturing firm. 


Prompt Delivery on Priority 


\0-page catalog describing VIBROMETER 
and other instruments on request. 


Televiso Products, Ync 


6533 NORTH OLMSTED (Northwest 


Pioneer Builders of Industrial and Aircraft Testing Instruments 





Highway), CHICAGO 31, U.S.A. 
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PROTECT VITAL 
WIRES & CABLES 
FROM STRAIN 


SSEMBLY time can be re- 

duced and production sim- 
plified with this Heyman strain 
relief. It will absorb cord pull 
and torque and eliminate strain 
on terminals. Protective coat- 
ing retards rusting. Has Under- 
writers Laboratories approval. 


HUNDREDS OF USES IN: 


INSTRUMENTS 
RADIOS 
HEAD SETS 
ELECTRONIC DEVICES 
CONTROL PANELS 
TELEPHONES 


ELECTRICALLY ENERGIZED 
MACHINERY 


ETC. 


Send cord size for test samples 
and quotations for your partic- 
vlar application, without obli- 
gation, of course. 


HEYMAN 


MFG. COMPANY 


MANUFACTURERS ENGINEERS 


KENILWORTH, NEW JERSEY 
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TERMINAL 
RADIO CORP. 


85 CORTLANDT ST 
NEW YORK 7, W. Y. 
Phone: WOrth 2-4415 


Manutacturers 
New Literature 


L-22 Precision Electronic Photometer. 
Booklet, 544” X 7%”, 12 pages describes 
the Ansco Sweet Densitometer, a direct- 
reading photo-electric instrument de- 
signed primarily for the measurement of 
photographic film densities. Agfa Ansco, 
Binghamton, N. Y 

L-23 Feed 
35, 8144" x 


Water Regulator. Form 
11”, 4 pages lists advantages 


offered by the Copes Flowmatic. North- 
ern Equipment Co., 1945 Grove Drive, 
Erie, Pa. 

Leaflet, 


L-24 Sapphire Plug Gages. 
8144” 11”, 2 pages describes sapphire 
gages which are said to outwear steel 
gages 30 times. Sapphire Products Div., 
Elgin National Watch Co., 932 Benton 
St., Aurora, Ill. 

L-25 The Ohmite News November 1943 
issue features a brief biography of Pro- 
fessor Elihu Thompson, famous pioneer 
in the field of electricity. Also included 
are suggestions for ordering resistors. 
Ohmite Manufacturing Co., 4835-41 Flour- 


noy St., Chicago 44, Il. 
26 The Laboratory. Booklet, 6” » 
9”, 25 pages, simplifies understanding of 


WPB Regulations for laboratory sup 
plies. Includes an article on Sub-Sieve 
Sizer, a new instrument which measures 
the size of particles too small to be 


measured by sieves. Fisher Scientific Co., 
717 Forbes St., Pittsburgh, Pa 

L-27 Industrial X-Ray Accessories. 
Bulletin, 8%” X 11”, 13 pages, describes 
and illustrates x-ray tube units and ac- 


In this department we report ALL pieces of new literature pertaining to Instrumentati 
received from the manufacturers. To assist in the War Effort we urge readers to request ON! 
those bulletins which will be of value to them. Use the coupon on the facing page. 
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roller ¢ 
cessories for industrial inspection of mim L-39 
terials and parts. Picker X-Ray Comin A2-3 
300 Fourth Ave., New York, N. Y. nd illus 
L-28 Aircraft Instrument Test AMines p< 
paratus. Leaflet, 8%” x 11”, 2 pages rement 
lustrates and describes Turn I[ndical@jection, | 
Test Stand for testing “Rate of Turlgonstruc 
manometers for pressure gauge tests aggguick a 
air speed tests; also includes descril pe of 
of an oscillating table which provid@udes « 
among other things, a combined motid™nd s 
of roll, pitch, and yaw. Ideal Laboratjo., Hat 
Tool and Supply Co., P. O. Box } I] 
Cheyenne, Wyoming. L-40 
L-29 Sensitive Needle Valves—in*t ol of 
ment Tools. Leaflet, 84%” X 11”, one Piagmons, | 
provides information on sensitive nec@mmag: d 
valves for precise control ové sn utor 
flows of liquid or gas; available in !jMents. | 
types. Also includes socket wrenciies a 


electrical instrument work. Ideal Lally js 
atory Tool and Supply Co., P. O. box “Hint; 
Cheyenne, Wyoming. : 
L-30 Diesel Engine Pyrometers. at 
letin P1214, 8” x 10%”, four pag 





ers diesel engine pyrometric eq ust 
and accessories designed espec cas rir 
marine applications. Bristol] ¢ pa qu 
Waterbury, Conn. my | 
L-31 2%-Inch Panel Instrum pe 
Publication GEA-4117, 8” xX 1 By pe 
pages, provides information on her? 
ternal-pivot type of aircraft ins 






for naval aircraft applications. 
tions include complete instrume! p 
struction details, and dimensior 1 














ae prices as well as_ applicable 
By numbers. General Electric Co., 
, ry, N. &. 
OM Voltage Tester. Bulletin, 8%” xX 
ge, announces manufacture of 
1% tester Which does not use a 
ote witehes, or tip jacks, Indicates 
TA . ne es of voltage; open circuits and 
ol of appliances, motors, etc.; if 
P Cor. eq is 25 or 60 cycles; if source is 
netion ’ ; and others. This is accom- 
" g y means of neon bulbs and a 
ets nit network of resistors. Superior 
pro bst nts Co., Dept. T, 227 Fulton St., 
ise has ew k, N. Y. 
ithont ¢ Blow Guns and Air Savers. 
; ol 81446” y 11”, 4 pages, illustrates 
ri types of blow guns and air sav- 
; s industrial applications. Includes 
1a essure chart showing flow of air 
AiD re . round orifice in cubic feet per 
in it different pressures. Lonn 
an uring Co., Inc., 131 East New 
ork Indianapolis, Ind. 
L-34 Industrial Analyzer, Insulation 
ester, and Multimeter, Folder, 7” » 
es; Indi- Mi.” 4 pages. Announces manufacture 
te and new models of above instruments. Su- 
err «a rior Instruments Co., 227 Fulton St., 
luorescent ew York i, N. ‘ 
or; Fine L-3! Electronics in Industry. Booklet, 


10”, 44 pages, explains in non- 


roducta; i ‘ rn 
echnical language the practical applica- 


pcou ples; 


reakers on of electronics in industry today. 

, our-color illustrations add materially 

~ . the attractiveness of the booklet and 
“s implify understanding of each topic 
A yvered. Includes interesting topics such 


s application of electron microscope; 
lectronics in wood, plastics, soldering, 


\ ise hardening; rivet detonator, spot 
ff \ luer, electronic sewing machine; and 
many others. Radio Corp. of America, 

A) | CA Victor Div., Camden, N. J. 
“2 L-36 Steam Plant Equipment. Bulle- 
r /)\ n G-1306, 8%” X 11”, 12 pages, de- 
\ ribes blow-off and tandem blow-off 
alves for boilers; water columns and 
> of individummater level gages; expansion joints for 


eam lines; and other related equipment. 
arnall-Waring Co., Chestnut Hill, Phil- 
lelphia, Pa. 

L-37 Adjustable-Speed 


hould be sent 
flice. 


ncorporat 


Electronically. 





Monte, Cal, MBulletin GEA-4025, 8” x 1014”, 40 pages. 
ood Ave., publication which describes, illus- 
0, Hi. ites, and explains a new adjustable- 


yeed, electronic motor drive. First part 
f the booklet is devoted to an explana- 
on of what the drive is, how it is used, 
s advantages, and what it will do, 
hile the second part gives a technical 
kplanation of the operations of the 
ive. Advantages are: DC motor ope.a- 
on from AC supply; adjustable speed 
er a wide range; complete control from 
single push-button stage; constant 
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rrent acceleration; plus many others 
hich are fully covered in the booklet. 
eneral Electric Co., Schenectady, N. Y. 





L-38 All-Electric Floatless Liquid 
vel Controls. Catalog 943, 8%” x 11”, 
B pages, contains descriptions, illustra- 
ons, and price lists of electrical equip- 
ents designed for floatless control of 
my electrical conducting liquid to with- 










































trumentatio ) any desired variation of ievels from 
oquest ON upwards. Also gives principle and 
ge peration of system, wiring diagrams, 
X nd application diagrams. B-W Con- 
: ler Corp., Birmingham, Mich. 
stion of n L-39 Potentiometer Controller. Bulle- 
-Ray Comin A2-3, 814%” x 11”, 8 pages, describes 
aw # nd illustrates an instrument which com- 
Test AD ines potentiometric accuracy of meas- 
2 pages rement and electronic speed of control 
n Indicé ‘tion. Of particular interest is the unit 
p of Turl@onstruction design which provides a 
ze tests a@Muick and simple method of using any 
descript! pe of measuring system desired. In- 
h provid udes operating diagrams, dimensions, 
ined motiff—nd specifications. Wheelco Instruments 
panoeee Py reseon & Peoria Streets, Chicago 
. Box ii l 
L-40 Instruments for Automatic Con- 
jon-—tae ol of War-Time Processes and Opera- 
", 0 ons. Bulletin DM 006, 91%” xX 12”, 2 
itive ages, describing manufacturer’s line of 
ove utomatie control and recording instru- 
ble e *nts. Bristol Co., Waterbury 91, Conn. 
heel L ’ L-41 Recording Thermometers. Bulle- 
= 3 ; n T800, 8” * 10144”, 40 pages of general 
' formation thermometers 


on recording 
addition to describing and illus- 


eters. | 8 
ee * basic parts of the recorder, pro- 


oo ae iformation on wall or surface, 
iin eg inel mounting, and portable types. 






es of operation explained for 





led and bimetallic self-contained 
nstr fully-compensated liquid-filled 
“= ipor-tension type; and gas-filled 
ae tie lemetering, electric resistance 
inst rum eters, temperature controllers, 
= Tilus ind accessories also_ included. 
a ompany, Waterbury 91, Conn. 
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TOOLMAKER MICROSCOPE 


for length, coordinate and angle measurements 


} 


| The Gaertner Toolmaker Microscope enjoys preferential acceptance in 


industries d 


The instrument is widely used in United Nations war plants to inspect work | 


jigs, templets and gauges, machine parts, taps and hobs—to perform the 
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| 


| various thre 


|THE 


Seeteeseeeasecesaeeseaser 








GAERTNER SCIENTIFIC CORP. 


It is an accurate, reliable and durable instrument incorporating fine machin 
ing and carefully adjusted optical parts. 
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evoted to the production of precision parts. 









and finished work—to measure form tools, milling tools, drill 


ad measurements. 









Send for Bulletin 147-14 










1211 Wricutwoop Ave., Cuicaco (14), U.S.A. 








TO PREVENT WASTE AND AID THE 


(1). Re 


(2) Paste the coupon on a government postal card addressed to Jnstruments, 
taking care to make all four edges stick. 


Instruments, 1117 Wolfendale St., Pittsburgh 12, Pa. 


Please have 
Numbers... 


I also desire further information concerning the following new products described in 
this month’s “New Instruments” Department 


Name ...... 


Company.... 


Co.'s Address 
(OR) Home 











WAR EFFORT 
your war work. 








quest ONLY the literature that will aid you in 
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the following catalogs, etc., reviewed in this issue sent to me. 
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Filings, burrs, etc., from 
brass or copper screw ma- 
chine parts salvaged in 
sediment trap will soon 
pay for this machine. 























































Use your own proven 
solvent or cleansing 
liquid such as Oakite, 
soap, powder solu- 
tion, carbon tetra- 
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0" PORTABLE ELECTRI¢ 
INSTRUMENT WASHER 


Only 


Same instrument witb ther- 
mostatically controlled 
beating element for use 
with low-cost solutions 
where constant tempera- 






4. Work comes out like new. 


chloride, trichlor- 
ethylene, etc. Complete with 
Trays and 


Cover 


THOROUGHLY AND SAFELY CLEANSES THE MOST 
DELICATE MECHANISMS AND SMALL PARTS 


1. No Abrasions! No Bumping! No Scratching! No Tumbling! Absolutely 
no abuse because there is no moving of the most delicate parts or mechanisms, 


2. Cleansing liquid circulates through complex and odd shaped instrument 
assemblies—work remains stationary. 


3. Keeps disassembled parts to- 5. Compartments can be lifted out. Larger 
gether;no mixed ormissing parts. parts can be just as thoroughly cleaned. 


AIRCRAFT INSTRUMENT DIVISION 


6. Drain well at bottom for dirt elimination. 
WRITE FOR LITERATURE 


ture is required, Model 
C742-B, $100.00. 
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NAXON UTILITIES CORPORATION & 


Engineers and Manufacturers of Precision Electrical Devices Since 1922 


2101-11 WALNUT STREET, CHICAGO, ILLINOIS ‘s. 


t 


World’s Leading Manufacturer of Portable Electric Washers - 





Products of 
*"MERIT’’ 


means 
Fine Radio Parts 


. PARTS manufactured ex- 

actly to the most precise 
specifications. 
Long manufacturers of com- 
ponent radio parts, MERIT 
entered the war program as 
a complete, seuadinnted 
manufacturing unit of skilled 
radio engineers, experienced 
precision workmen and 
skilled operators with the 
most sealers equipment. 


MERIT quickly established 
its ability to understand 
difficult requirements, quote 
intelligently and produce in 
quantity to the most exact- 
ing specifications. 
Transformers—Coils—Re- 
actors—Electrical Windings 
of All Types for the Radio 
and Radar Trade and other 
Electronic Applications. 


CC 


Since 1924 


MERIT COIL & TRANSFORMER CORP. 


311 North Desplaines $ 
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Lewis Engineering Company, The 
Liquidometer Co poration. 
Littelfuse Incorporated... 
Marshall Company, C. & E. A\ 





Maymer Corpovation...... 1 
McGraw-Hill Book Company. 1) 
Measuremonts Corporation. ....Back cow 
Meriam Company, The..... Al 
Merit Coil & Transformer Corp a 
Metallizing Company of 
PEER, . WDs bccwsecdkn ses 18 
Moeller tnctrument Company M 
Naxon Utilities Corporation. a] 
Optical Engineering Laboratories § 
Permo, Itncorporated.......... — 
Philadelphia Thermometer Co., The...'% d 
Photovolt Corpo ation... it 
Precision Thermometer & n 
Instrument Co.......... It 


Railway Express Agency, 

Air Expess Div........ Ik 
Rawson Electrical Instrument Co 
Revere Company, The.... AN 
Rubicon Company..... i 
Shore Instrument & Mfo. Co., Inc... 12 
Simplex Valve & Meter Company N / 
Sola Electric Company. A 
Square D Company......... ; 
Standard Elsetric Time Co., Inc 
Sticht Company, Inc., Herman 
Stvrtevant Company, P. A.. 
Superior instruments Company | 
Tagliabue Mfg. Co., C. J. 

oveenbn.sdAbans be hae Rn Inside front 
Taylor Instrument Compan‘es 
Televiso Products, Inc..... 
Terminal Radio Corpo-ation 
Thordarson Electric Mfg. Company 
Trimount Instrument Company 
Trini*y Equipment & Supply Co 
United Transformer Company 
Ward Leonard Electric Company 
Westinghouse Electric & Mfg. ¢ 
Weston Electrical Instrument Corp. 
Wheelco Instruments Company 
Winslow Company, The.......- 
Wrigley Jr. Company, 
































